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INTRODUCTION 
It is generally accepted that a high proportion of human cancers 
are attributable to environmental agents/ mainly environmental chemi-
cals. The distribution of potential carcinogens in the environment is 
essentially ubiquitous. The human diet contains a variety of naturally 
occuring mutagens and carcinogens (Ames/1983). The predominance of 
certain foods in some countries has been related to the incidence of 
certain types of cancers in their populations. Therefore dietary 
mutagens have attracted considerable interest in the last decade and a 
number of studies on dietary practices in relation to cancer have 
been undertaken. These studies suggest that a greater intake of fibre 
rich cereals, vegetables, fruits and a lower consumption of fat 
rich products and excessive alcohol would be advisable (Doll and Peto, 
1981; Peto and Schneiderman, 1981). Although quite a large number of 
dietary components have been evaluated in microbial and animal test 
systems, there is still a lack of definitive evidence about their 
carcinogenicity and mechanism of action. A majority of chemical carci-
nogens are known to form covalent adducts with WA and there is a 
large body of evidence implicating DNA as a critical target in 
chemically induced cancer (Miller, 1978; O'Connor, 1981). In order to 
understand carcinogenesis at the molecular level, it is essential 
to determine the conformational changes in the target macromolecules 
and relate these findings to possible aberrations in the functioning 
of modified macromolecules. Of late, there has been an increasing 
interest in oxygen radicals and lipid peroxidation as a source of 
damage to DNA and therefore as promoters of cancer (Harman, 1981; 
Gensler and Bernstein, 1981; Totter, 1980; Tappel, 1980). In addition, 
mammalian systems have evolved many defence mechanisms as protection 
against mutagens and carcinogens.The most important of such mechanisms 
may be those against oxygen radicals and lipid perxoidation. 
Mutagens and carcinogens in dietary plant materials: It is obvious 
that food is a very complex substance to which humans are exposed. 
Most people perceive food substances of natural origin as free of 
risk. Such acceptance is largely based on faith because our objective 
knowledge on this topic is relatively poor. A large number of 
chemicals are synthesized by plants, presumeibly as defence against a 
variety of invasive organisms, such as bacteria, fungi and insects 
{Kapadia,1982; Clark, 1982; Pamukcu et^  aJ^ . ,1980; Stich et al.., 1981a). 
The number of these toxic chemicals is extremely large and new plant 
chemicals are being continuously discovered (Jadhav et al., 1981; 
Griesebach and Ebel, 1978). It has been known for many years that 
plants contain carcinogens and a number of edible plants have demonst-
rated experimental carcinogenic activity for several species and 
various tissues. Widespread use of recently discovered short term 
tests for detecting mutagens (Ames, 1979; Stich and San, 1981) and a 
number of animal cancer tests on plant substcinces have contributed to 
the identification of many natural mutagens and carcinogens in the 
human diet (Kapadia, 1982). Some examples of most frequently ingested 
compounds are discussed below. 
Safrole and estragole are related compounds/ which occur in 
certain spices and essential oils and are weak hepatocarcinogens (Fen-
aroli/ 1971; Guenther and Althausen/ 1949). Recent studies have impli-
cated I'-hydroxysafrole and I'-hydroxyestragole/ respectively as pro-
ximate carcinogenic metabolites of safrole and estragole (Drinkwater 
et al.;1976; Borchert et al., 1973). Eugenol and anethole are structu-
rally related to safrole and estragole and are widely used as 
flavouring agents or as food additives. Black pepper contains small 
amounts of safrole and large amounts of a closely related compound 
piperine (Concon et al., 1979). Extracts of black pepper cause tumours 
in mice at a number of sites at a dose equivalent to 4 mg of dried 
pepper per day given for 3 months. 
Ivie et al. (1981) have reported that linear furocoumarins 
(psoralens)/Which are widespread in plants of the Umbelliferae family/ 
are potent light activated carcinogens and mutagens. Three of the most 
common phototoxic furocoumarins are psoralen/ xanthotoxin and bergap-
ten. In addition to Umbelliferae/ psoralen also occurs in plants from 
several other families (Ivie, 1978). Psoralens are potent photosensi-
tizers and highly mutagenic in the presence of activating long wave-
length UV light. They readily intercalate into duplex DNA where they 
form light induced mono- or diadducts with pyrimidine bases.Psoralen/ 
in the presence of light/ is also effective in producing oxygen 
radicals (Ya et al., 1982). 
Pyrrolizidine alkaloids are naturally occuring carcinogens and 
have been found in some fifty species of the families Compositae/ 
Boraginaceae and Laguminosae (Schoental,1982)/ which are used as foods 
or herbal remedies. Several of these alkaloids are hepatotoxic and 
certain hepatotoxic pyrrolizidine alkaloids are also carcinogenic 
(Hirono et al.,1977; Schoental/ 1976). Testing of pure pyrrolizidine 
alkaloids for carcinogenicity has not been extensive for reason of a 
limited supply of these chemicals. However/ a number of these alkalo-
ids have been reported to be mutagenic (Clark,1960) in Drosophila and 
Aspergillus systems (Alderson and Clark, 1966). Recently, Mori et al. 
(1985) have used a hepatocyte primary culture-DNA repair test to 
screen seventeen pyrrolizidine alkaloids for their Wk damaging pro-
perty. This test is highly responsive to carcinogenic pyrrolizidine 
alkaloids(Williams et al., 1980). Among the results obtained by these 
authors is the indication of a species difference in liver bioactiva-
tion of these alkaloids. This implies that there could be species 
differences in the carcinogenic potential of pyrrolizidine alkaloids. 
In the last decade many studies on the mutagenicities of natur-
ally occuring flavonoids have been reported. There are many flavonoids 
in plants and the mutagenicities of more than seventy naturally occur-
ing flavonoids have been reported (Nagao et^  al^ . ,1978; Sugimura et al., 
1977). Of these, quercetin is the strongest mutagen, followed by 
kaempferol, rhamnetin, galangin, isorhamnetin and fisptin. All these 
compounds, except quercetin, require metabolic activation by rat 
liver microsomal fraction and the mutagenicity of quercetin is further 
enhanced by rat liver enzymes. Quercetin is specially important since 
it occurs in conjugated or free form,sometimes in high concentrations, 
in many edible plant products including fruits, vegetables and bracken 
fern. Evidence of the carcinogenicity of quercetin is conflicting. 
Whereas studies of Ambrose et^  al^ . (1952) reported quercetin to be non-
carcinogenic to rats fed 1% quercetin for 410 days, more recent defi-
nitive studies of Paraukcu et al. (1980) demonstrate that quercetin was 
carcinogenic for the intestinal and bladder epithelium of the rat when 
fed as a basic grain diet of 0.1 % quercetin (of purity >* 99 %) for 
58 weeks. Although the mechanism of carcinogenicity of quercetin is 
not known, it has shown significant effects on DNA synthesis, lactate 
production, and cyclic adenosine 3',5'-monophosphate level in neopla-
stic cells (Podhajcer et al., 1980). 
Edible mushrooms contain various hydrazine derivatives in rela-
tively large amounts. Most hydrazines that have been tested have been 
found to be carcinogenic and mutagenic. The most common commercial 
mushroom, Agaricus bisporus, contains about 300 mg of agaritine, the 
5-glutamyl derivative of the mutagen 4-hydroxymethylphenylhydrazine, 
per 100 g of mushrooms as well as smaller amounts of the closely rela-
ted carcinogen N-acetyl-4-hydroxymethylphenylhydrazine (Toth et al., 
1982). Some agaritine is metabolized by the mushroom to a diazonium 
derivative, which is a potent carcinogen and is also present in the 
mushroom in smaller amounts. Many hydrazine carcinogens may act by 
producing oxygen radicals (Hochstein and Jain/ 1981). 
A number of 1,2-dicarbonyl compounds e.g./ maltole/ kojic acid/ 
ethylmaltole/ diacetyl and glyoxal/ have been found to be mutagenic in 
the Salmonella/Microsome assay. Several compounds in this class are of 
toxicological interest because they occur in various foods. For 
example/ maltole is a product of carbohydrate dehydration and is 
present in coffee/ soyabeans and baked cereals such as bread. Kojic 
acid is a metabolite of many microorganisms including several fungi 
used in food production/ while diacetyl is an aroma component of 
butter/ beer/ coffee etc. (Fishbein, 1983). 
Methylglyoxal(MG)/also knovm as pyruvaldehyde or acetylformal-
dehyde/ is a ketoaldehyde and may arise in the cell both enzymatically 
(Cooper and Anderson/ 1970; Elliot/1960; Sato et al^ . / 1980) and nonen-
zymatically(Riddle and Lorenz/1968) from free trioses. Besides/ it has 
also been reported to be present in various foods/ such as roasted 
coffee/ beans/ tea/ whisky and soy sauce (Sugimura and Sato, 1983). 
Whether the enzymatic MG formation actually occurs in maimials has been 
controversial for many years (Meyer/ 1953; Bonsignore et al./ 1976; 
Salen/ 1975; Van Eys et al./ 1962; Riddle and Lorenz, 1968). The iso-
lation of MG synthase from the enterobacteriaceae (Cooper/ 1974; Yuan 
and Gracy/1977) and its presence in rat liver cells (Sato et al./1980) 
confirmed that MG can be formed enzymatically from triose phosphates. 
Riddle and Lorenz (1968) observed that MG formation from both dihydro-
xyacetone phosphate (DHAP) and DL-glyceraldehyde is accelerated by 
polyvalent cations at physiological pH values. 
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Szent Gyorgyi (1967/ 1977) proposed that MG interacts with the 
highly reactive sulfhydryl groups that may participate in the regula-
tion of cell division in tissues and that this MG-SH complex can 
arrest cell division in rapidly dividing cells. MG and other similar 
aldehyde compounds exert significant effects on certain cancers by 
reducing the ascites fluid formation/ prolonging the survival time 
of animals bearing those tumours and decreasing the mitotic index of 
normal and tumour cells (Jerzykowski £t al_. / 1970; Fenselau and Long/ 
1976; Dianzani et al^ . / 1978, 1980). The uncontrolled proliferation of 
tumour cells is supposed to be due to destruction of MG (Szent 
Gyorgyi/ 1977) by two enzymes/ namely/ glyoxalase and c><^ -ketoaldehyde 
dehydrogenase/ which catalyze its oxidation to lactate (Racker/ 1951) 
and pyruvate (Monder/1967)/ respectively. 
In millimolar amounts/ MG exerts several damaging effects on 
various biochemical parameters (Dianzani/ 1979) and has been found to 
inhibit in vitro the growth of a variety of mairmalian cell lines 
(Gregg/ 1968; Klamerth/ 1968; Scaife, 1969). Recently, in a screening 
performed to elucidate the WA damaging activities of a series of bio-
tic and xenobiotic aldehydes/ Brambilla £t al^ . (1984) found that ex-
posure of cultured mairmalian cells to non-toxic concentrations of MG 
resulted in the formation of macrornolecular cross-links/mainly of the 
EWA protein type(Brambilla et al./1985).Efforts have also been made to 
investigate the effect of MG on the microtubular system in order to 
understand the mechanisms of its antiproliferative activity (Gabriel 
et a]^., 1985). 
A number of furans/ such as 2-methylfuran, 2/5-dimethylfuran/ 
furfural/ 5-methylfurfural and 2-furylmethylketone are found in nume-
rous food products including meat/ milk products/ various nutS/ tea 
and coffee (Maga,1979). Stich et at. {1981b) have reported that these 
furans induced relatively high frequencies of chromatid breaks and 
chromatid exchanges when they were exposed to cultured Chinese hamster 
ovary (CHO) cells in the absence of a liver microsomal preparation. 
The clastogenic doses of many of the furans were relatively high 
(100-3900 ppm), whereas the concentration in food products was relati-
vely low. However/ Stich et^  al_. (1981b) cautioned that the furans are 
not the only genotoxic chemicals in the complex mixture of heated/ 
roasted or boiled food products and even if the furans do not pose a 
serious health hazard by themselves due to their small amounts in most 
food items/they may contribute significantly to the total genotoxicity 
of many consumable foods and beverages. 
In addition to pyrrolizidine alkaloids/ certain glycoalkaloids 
found in potato/ such as solanine and chaconine/ have been reported to 
be highly toxic as they are strong inhibitors of cholinesterase 
(Jadhav et al., 1981). Pyrrolizidine alkaloids and other 
glycoalkaloids can reach levels which can be lethal to humans in 
potatoes that are diseased or exposed to light (Katsui et^  al./ 
1982). 
Cyclopropenoid fatty acids/ present in cotton seed and other 
oils/ have been reported to be carcinogenic and mitogenic having 
various toxic effects in farm animals. Among these/ sterculic acid and 
malvalic acid are widespread in the human diet. They are also potenti-
ators of carcinogenicity of aflatoxins (Hendricks et al_. / 1980). Human 
exposure to these fatty acids results from the consumption of products 
of animals fed on cotton seed. Another major toxin in cotton seed is 
aossypol/ which accounts for about 1 % of its dry weight. Gossypol 
causes male sterility through formation of abnormal sperm and is car-
cinogenic as well (Xue, 1980). It has been reported to be a potent 
initiator and also promoter of carcinogenesis in mouse skin (Haroz and 
Thomassan, 1980). Gossypol has been tested in China as a possible male 
contraceptive as it is inexpensive and causes sterility during use. 
Its mode of action as a spermicide is presumably through the 
production of oxygen radicals. 
A number of quinones and their phenolic precursors are found in 
the human diet and have been shown to be mutagens (Stich £t al.,1981b; 
Brown, 1980; Levin et al., 1982). Quinones are quite toxic as they can 
act as electrophiles or accept a single electron to yield the 
semiquinone radicals which can react directly with DNA or generate 
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superoxide radicals (Morimoto et al^ . / 1983; Kappus and Sies/ 1981). 
Many dietary phenols can autoxidize to quinones generating hydrogen 
peroxide at the same time. The amounts of these phenols in human diet 
are appreciable/ for example/ catechol which appears to be mainly 
derived from metabolism of plant substances cind is a potent promoter 
of carcinogenesis and an inducer of DNA damage (Carmella et al./1982). 
In addition, there are many other dietary compounds which have 
been shown to be mutagenic and carcinogenic in various test systems. 
Allylisothiocyanate/ a major flavour ingredient of mustard oil/ is one 
of the main toxins of mustard seeds and has been shown to be a carci-
nogen in rats (Dunnick et^  al^ . / 1982). Phorbol esters, present in 
plaints of Euphorbiacea family, are potent promoters of carcinogenesis 
and cause nasopharyngeal and oesophageal cancers (Hecker, 1981). A 
variety of carcinogens and mutagens are present in mold contaminated 
food grains, nuts and fruits. Some of these,such as various aflatox-
ins, are among the most potent carcinogens and mutagens known (Hirono, 
1981; Tazima, 1982). Nitrosoamines and other nitroso compounds formed 
from nitrate and nitrites in food have been directly related to the 
incidaice of stomach and oesophageal cancer. Nitrates are present in 
large amounts in spinach, radish, lettuce and beans (Magee, 1982). 
Although alcohol is not a constituent of a normal human diet, in view 
f its widespread use by a large section of the human population, it 
would be relevant to mention its toxic role. Alcohol has long been 
associated with the cancer of mouth, pharynx and liver (Tuyns et al.. 
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1982). Alcohol metabolism generates acetaldehyde/ which is a mutagen 
and possibly a carcinogen (Stich and Rosin/ 1983; Campbell and Fantel/ 
1983). It also generates radicals that produce lipid hydroperoxides 
and other mutagens and carcinogens (Winston and Cederbaum/ 1982; 
Videlaet£l./ 1982). 
Dietary fat - a possible source of carcinogens; Fat accounts for appr-
oximately 40 % of the calories in the human diet. There is epidemiolo-
gical evidence relating high fat intake with colon and breast cancer. 
Animal studies have indicated that high dietary fat is a promoter and 
a presumptive carcinogen (Kinlen, 1983; Fink and Kritchevsky/ 1981; 
Welsch and Aylsworth/ 1983). Two plausible mechanisms/ involving oxi-
dative processes/ have been considered to account for the relationship 
between high fat intake and the occurrence of cancer and heart 
diseases. According to the first mechanism/ rancidity of fat yields a 
variety of mutagens and carcinogens/ such as fatty acid hydroperoxide/ 
cholesterol hydroperoxides/ fatty acid epoxides and aldehydes (Simic 
and Karel/ 1980; Bischoff/ 1969; Petrakis ^ ^1. / 1981; Imai et al./ 
1980; Ferrali et al., 1980). Alkoxy and hydroperoxy radicals are also 
formed (Pryor, 1976-1982). Therefore the colon and digestive tract 
are exposed to a variety of fat derived carcinogens. The second 
possible mechanism involves hydrogen peroxide/ which is generated by 
the oxidation of dietary fatty acids by peroxisomes. Each oxidative 
removeil of two carbon units generates one molecule of hydrogen pero-
xide, a known mutagen and carcinogen (Reddy et al./ 1982; Plain/ 
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1955). Some hydrogen peroxide may escape the catalase in the peroxi-
somes and thus contribute to the supply of oxygen radicals (Speit 
et al./ 1982; Jones et^ al^ */ 1981). Oxygen radicals in turn can 
damage WA and start the rancidity chain reaction, which leads to the 
production of the mutagens and carcinogens mentioned above (Pryor/ 
1976-1982). 
Mutagens and carcinogens produced in cooking: Sugimura and his colle-
agues (1978,1979)as well as others (Pariza £t al., 1983) have reported 
that the burnt and browned materials from heating protein during 
cooking is highly mutagenic. Pyrolysis of protein produces strong 
frame-shift mutagens that require metabolic activation by rat liver 
S-9 fraction (Nagao et al./ 1977). Pyrolysates of amino acids also 
show various mutagenic activities (Matsumoto et al., 1977). Among the 
various amino acids, the pyrolysate of tryptophan has been found to be 
most mutagenic followed by those of serine, glutamic acid, ornithine 
and lysine. 
Pyrolysates of various sugars, such as glucose, arabinose, fru-
ctose and sorbitol, are all mutagenic in S^. typhimurium system with-
out metabolic activation. Pyrolysate of glucose was found to contain 
acetaldehyde and glyoxal which are mutagenic to S. typhimurium 
(Nagao et£l., 1978). Caramel, which is sugar derived and widely used 
as a food colouring and flavouring agent is also mutagenic in 
Salmonella test systems but had no carcinogenic effect when fed to 
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rats as 6 % of the diet for two years (Evans £t £l., 1977). Coffee 
contains a considerable amount of burnt material including the muta-
genic pyrolysis product methylglyoxal (Sugimura and SatO; 1983). One 
cup of coffee also contains about 250 mg of the natural mutagen chlor-
ogenic acid(Stich et al.,1981a) and about 100 mg of caffeine which can 
cause birth defects at high levels in several experimental species 
''Pabro, 1982). There is inconclusive evidence to suggest that heavy 
coffee drinking is associated with cancer of the ovary, bladder, 
pancreas and the large bowel (Trichopoulos et al., 1981). Rancidity 
reaction of cooking oils and animal fat is accelerated during cooking, 
thus increasing intake of mutagens and carcinogens (Simic and Karel, 
1980). 
Food additives: Sodium nitrite is extensively used as a preservative 
in meat/ fish and cheese. A possible formation of nitrosamines from 
amines, present in or derived from the diet, occur by reaction with 
nitrous acid at acidic pH. In humans gastric juice attains a pH of 
nearly 1.0. Such high concentration of hydrogen ions gives rise to the 
nitrosyl cation No , which is a highly reactive nitrosylating agent. 
Nitrous acid itself is a known mutagen for various bacterial and 
fungal cells. Its mutagenicity is presumably related to the deamina-
tion of adenine and cytosine (Fishbein et al., 1970). Sodium bisul-
phite is used as a bacterial inhibitor in a variety of beverages and 
as a preservative in canned fruits and vegetables. The bisulphite 
anion reacts, rather specifically, with uracil and cytosine, within 
14 
single-stranded regions of DNA. It is also mutagenic to bacteria and 
bacteriophages (Singer/ 1983). Ethylenediaminetetra-acetic acid (EDTA) 
and its alkali salts are widely used as sequestrants in various foods. 
They are useful as antioxidants due to their property of forming 
poorly dissociable chelate complexes with trace quantity of metal ions 
such as copper and iron in fats and oils. EDTA has been shown to 
induce chromosome aberrations and breakage in various plant species. 
Saccharin was synthesized in the last century and since then it 
has been widely used as an artificial sweetener. Reports on the mutag-
enicity and carcinogenicity of saccharin are conflicting and there is 
some suggestion that these activities are thought to be due to impuri-
ties present in saccharin preparations (Kramers/1975). The possibility 
of an in vivo conversion of saccharin into a mutagenic metabolite has 
a so been suggested (Batzinger et al./ 1970). Another artificial swee-
tener / which was widely used but is now banned in USA and many other 
countries/is cyclamate. Cyclamate induces chromosome breakage in cells 
of several plants and animal species. It is converted in vivo into 
cyclohexylamine/which is also an inducer of chromosome breaks 
(Pishbein £t al./ 1970). 
Oxygen radicals and cancer; One of the theories of etiology of cancer 
which is being widely accepted/ holds that the major cause is damage 
to DNA by oxygen radicals and lipid peroxidation (Ames,1983;Totter/ 
1980). Several enzymes produce superoxide anion (O'T ) during the 
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oxidation of their substrates, for example, xanthine oxidase and pero-
xidase (Buettner et al./ 1978; Duran et al./ 1977). Numerous substan-
ces such as reduced flavins and ascorbic acid upon autoxidation 
produce superoxide anion. This radical may further accept an electron 
from a reducing agent, such as thiols, to yield peroxide ( H O ) . There 
is in vitro evidence that H O may then react with certain chelates 
of copper and iron to yield the highly reactive hydroxyl free radical 
(OH ) (Wolff et al., 1986). That the superoxide anion actually appears 
in metabolism is confirmed by the ubiquitous occurrence of superoxide 
dismutase. Indeed, certain white blood cells generate superoxide 
deliberately by means of a specialized membrane bound NADPH oxidase 
and this participates in the killing of microorganisms and tumour 
cells (Wolff £tal., 1986). 
It has been suggested that certain promoters of carcinogenesis 
act by generation of oxygen radicals, this being a common property of 
these substances. Fat and hydrogen peroxide are among the most potent 
promoters (Welsh and Aylsworth, 1983). Other well known cancer pro-
moters are lead, calcium, phorbol esters, asbestos and various quino-
nes. Inflammatory reactions leads to the producton of oxygen radicals 
by phagocytes and this may be the basis of promotion by asbestos 
(Hatch et al., 1980). Many carcinogens which do not require the 
action of promoters and are by themselves able to induce carcinoge-
nesis (complete carcinogens), also produce oxygen radicals (Demopoulos 
£t al., 1980). These include nitroso compounds, hydrazines, quinones 
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and polycyclic hydrocarbons. Much of the toxic effect of ionizing 
radiaton damage to DNA is also due to the formation of oxygen radica-
ls (Totter/ 1980). The mechanism of action of promoters may involve 
the expression of recessive genes and an increase in gene copy number 
through chromosome breaks and creation of hemizygosity (Kinsella,1982; 
Varshavsky, 1981). Promoters may also cause modification of prostag-
landins v^ich are intimately involved in cell division, differentia-
tion and tumour growth (Fischer et al^ . / 1982). Most data on radical 
damage to biological macromolecules concern with the effects of radi-
ation on nucleic acids because of the possible genetic effects. How-
ever, in view of the catalytic role of enzymes, damage to proteins is 
also considered important. It has been suggested that primary oxygen 
radicals, produced in cells and their secondary lipid radical inter-
mediates, modify and fragment proteins. The products are often more 
susceptible to enzymatic hydrolysis leading to accelerated proteolysis 
inside and outside the cells (Wolff et al., 1986). 
Anticarcinogens: The protective defence mechanism against mutagens 
and carcinogens include the shedding of surface layer of the skin, 
cornea and the alimentary canal. If oxygen radicals play a major 
role in DNA damage, defence against these agents is obviously of 
great importance (Totter,1980). The major source of endogenous oxygen 
radicals are hydrogen peroxide and superoxide which are generated as 
side products of metabolism (Pryor, 1976-1982). In addition, oxygen 
radicals also arise from phagocytosis after viral and bacterial infec-
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tion or an inflammatory reaction (Tauber, 1982). The exogenous oxygen 
radical load is contributed by a variety of environmental agents 
(Pryor, 1976 - 1982). The enzymes that protect cells from oxidative 
damage are superoxide dismutase, glutathione peroxidase (Pryor, 1976-
1982)/ D.T. diaphorase (Lind et al^./1982) and glutathione transferases 
(Warholm et al./1981). In addition to these enzymes, some small 
molecules in the human diet act as antioxidative agents and 
presumably have an anticarcinogenic effect. Some of these compounds 
are discussed below. 
Tocopherol (vitamin E) is an important trap of oxygen radicals 
in membranes (Pryor, 1976 - 1982) and has been shown to decrease the 
carcinogenic effect of quinones, adriamycin and daunomycin which are 
toxic because of free radical generation (Ames, 1983). Protective 
effect of tocopherols against radiation induced DNA damage and dimeth-
ylhydrazine induced carcinogenesis have also been observed (Beckraan, 
et al., 1982).[i^-carotene is a potent antioxidant present in the diet 
and is important in protecting lipid membranes against oxidation. 
Singlet oxygen is a highly reactive form of oxygen, which is mutagenic 
and is mainly generated by pigment mediated transfer of energy of 
light to oxygen. Carotenoids are free radical traps and are remark-
ably efficient as quenchers of singlet oxygen (Packer et al., 1981). 
y^ '-carotene and similar polyprenes are also the main defence in 
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plants against singlet oxygen generated as a byproduct of the intera-
ction of light and chlorophyll (Krinsky and Deneke/1982). Carotenoids 
have been shown to be anticarcinogens in rats and mice and may also 
have a similar effect in humans {Mathews-Roth,1982; Peto et al.,1981). 
Glutathione is present in food and is one of the major antioxidants 
and is antimutagenic in cells. Glutathione transferases are a major 
defence against oxidative and alkylating carcinogens(Warholm et al ./ 
1981). Dietary glutathione is an effective anticarcinogen against 
aflatoxins (Novi ,1981). The cellular concentration of glutathione is 
influenced by dietary sulphur amino acids (Tateishi et al., 1981). 
Selenium, which is present in the active site of glutathione perox-
idase, is another important dietary anticarcinogen. Glutathione per-
oxidase is essential for destroying lipid hydroperoxides and endogen-
ous hydrogen peroxide and therefore helps to prevent oxygen radical 
induced lipid peroxidation (Flohe, 1982). Several heavy metal toxins, 
such as Cd (a known carcinogen) and Hg decrease glutathione perox-
idase activity by interacting with selenium (Plohe, 1982). Some other 
dietary antioxidants include ascorbic acid and uric acid. The former 
has been shown to be anticarcinogenic in rodents treated with UV light 
and ben2o(a)pyrene (Hartman, 1982). Uric acid is present in high con-
centrations in the blood of humans and is a strong antioxidant (Ames 
jt £l.,1981). A low uric acid level has been considered a risk factor 
in cigarette caused lung cancer; however, too high levels may cause 
gout. 
19 
In addition/ edible plants contain a variety of substances such 
as phenols that have been reported to inhibit or enhance carcinogene-
sis and mutagenesis in experimental animals (Ames/1983). The inhibi-
tory action of such compounds may possibly be due to the induction of 
cytochrome P-450 and other metabolic enzymes ( Boyd et al./1982). The 
optimum levels of dietary antioxidants have not been determined; how-
ever/ there might be considerable variation among individuals. On the 
other hand/ high doses of such compounds may lead to deleterious side 
effects. The differences in cancer rates of various populations are 
generally considered to be due to environmental and life style factors 
such as smoking/ dietary carcinogens and promoters. However/ these di-
fferences may also be due/ in good part/ to insufficient amounts of 
anticarcinogens and other protective factors in the diet ( Maugh/ 
1979). 
In the last two decades/ there has been much emphasis on the 
induction of cancer by occupational and industrial pollution fators. 
There is growing recognition, however, that these may account for only 
a small fraction of human cancers. It is becoming increasingly clear 
from epidemiological and laboratory data that diet is an important 
factor in the etiology of certain human cancers. It has been sugges-
ted by Doll and Peto (1981) that in the United States diet accounts 
for 35 % of cancer deaths. According to these authors/ there are five 
possible ways whereby diet may effect the incidence of cancer;(i) in-
gestion of powerful direct acting carcinogens or their precursors 
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(ii) affecting the formation of carcinogens in the body; (iii) affect-
ing transport/ activation or deactivation of carcinogens; (iv) affect-
ing "promotion" of cells that are already initiated and (v) overnutri-
tion. Normal individual consumption of potentially mutagenic substan-
ces per day from foods and beverages is estimated to be between 1 to 
2 gm. In addition/the endogenous conditions favour the formation of 
still more mutagens in vivo in humans { Oshshima and Bartsch, 1981 ). 
EXPERIMENTAL 
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MATERIALS 
Chemicals used for the present studies were obtained from the sources 
given against their names. 
Chanical 
Acetaldehyde 
Benzoylated, naphthoylated 
diethylaminoethyl ce l lu lose 
(BND-cellulose) 
Bovine serum albumin 
Caffeine 
Deoxyribonucleic acid 
(calf thymus) 
Diphenylamine 
Source 
Fluka/ Switzerland. 
Sigma Chemical Co./ U.S.A. 
Sigma Chemical Co./ U.S.A. 
Sigma Chemical Co./ U.S.A. 
Sigma Chemical Co., U.S.A. 
B.D.H./ India. 
Formaldehyde 
Formamide 
Furfural 
Glycerol 
Hydroxylapatite 
Lambda phage deoxyribonucleic 
acid 
5-methylfurfural 
Pea seed nuclease 
Perchloric acid 
Potassium dihydrogen or tho-
f*josphate 
Di-potassium hydrogen phos-
phate 3-hydrate 
Sarabhai M. Chemicals/ India. 
Merck/ India . 
Aldrich Chemical Co./ U.S.A. 
B.D.H./ India . 
Sigma Chemical Co., U.S.A. 
Isolated in our laboratory 
Sigma Chemical Co./ U.S.A. 
Purified in our laboratory 
Merck/ India. 
B.D.H./ India. 
Merck/ Germany. 
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Restriction endonuclease New England BiolabS/ U.S.A. and 
Boehringer/ Germany. 
S nuclease 
Sodium dodecyl sulphate 
(SDS) 
Tris (hydroxymethyl)-amino 
methane 
Sigma Chemical Co./ U.S.A. 
Sigma Chemical Co., U.S.A. 
Fluka/ Switzerlcind. 
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METHODS 
Estimation of DNA and acid soluble nucleotides; DNA nucleotides/ made 
acid soluble were determined by the diphenylamine method of Schneider 
(1957) or spectrophotometrically by reading the absorbance at 260 nm. 
To a 1.0 ml aliquot/ 2.0 ml of diphenylamine reagent (freshly prepar-
ed by dissolving 1 gm of recrystallized diphenylamine in 100 ml of gl-
acial acetic acid and 2.75 ml of cone. H SO ) was added.The tubes were 
heated in a boiling water bath for 20 minutes. The intensity of 
blue colour was read using Spectronic 20 Bausch and Lomb spect-
rophotometer. To determine the acid soluble material spectroph-
otometrically/ an aliquot of the supernatant was suitably diluted 
and read at 260 nm using specrtronic 21 UVD Bausch and Lomb spe-
ctrophotometer against a suitable blank. In some experiments/ DNA 
was also determined by diphenylamine modified procedure of Burton 
(1956). This procedure considerably increases the sensitivity of the 
reaction. To a 1.0 ml aliquot was added 1.0 ml of I N perchloric 
acid and the mixture heated at 70 C for 15 minutes. To this were added 
0.1 ml of 5.43 mM acetaldehyde and 2.0 ml of Burton's diphenylamine 
reagent (freshly prepared by dissolving 1.5 gm of recrystallized diph-
enylamine in 100 ml glacial acetic acid and 1.5 ml of cone. H SO. ). 
The blue colour thus developed was read at 600 nm. 
24 
Preparation of "depurinated DNA" from DNA treated with furfural and 
methylfurfural: A 5.0 ml solution of DNA (2mg/ml) in TNE (0.01 M 
Tris-HCl, pH 7.5, 0.01 M NaCl and 0.1 mM EDTA) was modified by adding 
sufficient furfural and methylfurfural to obtain the desired DNA base 
pair (bp)/ furfural and methylfurfural molar ratio. The mixture 
was incubated at 37 t for 2 and 16 hours with furfural and methylfur-
fural/ respectively. The pH of the mixture was noted at the end 
of incubation period and was found unchanged. Finally, the treated 
o 
DNA was dialysed against 50 volumes of TNE at 4 C. Depurinated DNA 
was obtained by incubating the treated DNA at 50 C for 6 hours to 
achieve the release of labile alkylated bases (Verly et^  al., 1973). 
Alkaline hydrolysis of modified and depurinated DNA : Alkali labile 
acid soluble DNA nucleotides in both the treated and depurinated 
DNA were determined by incubating the DNA with (a) 0.1 M alkali for 30 
minutes at room temperature or (b) 0.5 M alkali for 1 hour at 37 C. 
Under the former condition, alkali labile apurinic sites are hydrolys-
ed in DNA, whereas the latter treatment also hydrolyses alkylphosphot-
riesters (Crathorn and Shooter, 1982) leading to the formation of 
strand breaks. 
Assay of S nuclease: S nuclease was assayed by estimating the acid 
soluble nucleotides released from DNA as a result of enzymatic digest-
ion. The reaction mixture,in a final volume of 1.0 ml,contained 500 jjg 
of substrate (native, denatured or modified DNA), 0.1 M acetate buffer 
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pH 4.5/ 1 mM zinc sulphate, water and enzyme. The reaction mixture 
was incubated at 37 "c (unless otherwise specified) for the desired 
period of time. At the end of the incubation period, the reaction was 
terminated by the addition of 0.2 ml lOmg/ml bovine serum albumin 
(mixed thorougly by shaking) and 1.0 ml of ice cold 14 % perchloric 
acid. The tubes were immediately transferred to an ice bath and left 
at 4 C for at least 1 hour before centrifugation to remove precipita-
ted protein and undigested DNA. The acid soluble DNA nucleotides were 
determined either by the diphenylamine method of Schneider (1957) or 
by reading the absorbance of an adequately diluted sample at 260 nm 
against a suitable blank. 
Preparation of denatured DNA: Denatured DNA was prepared by heating at 
100 ^  for 7 minutes a 2 mg/ml solution of native calf thymus DNA in 
TNE and cooling the solution rapidly in an ice bath (Verly and 
Lackroix, 1975). 
Thermal denaturation of E*JA as measured by the degree of S nuclease 
digestion: Samples containing 300 jug of native and modified DNA were 
heated to the desired temperature for 8 minutes and quickly quenched 
by the addition of 2.0 volumes of ice cold S nuclease standard react-
ion buffer. The mixture was incubated with 20-50 units(unless other-
wise specified) of S nuclease at 37 "c for 3 hours. The reaction was 
stopped by the addition of 0.2 ml 10 mg/ml bovine serum albumin and 
1.0 ml of ice cold 14 % perchloric acid. The tubes were immediately 
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transferred into an ice bath and kept at 4 °C for at least 1 hour befo-
re centrifugation to remove precipitated protein and undigested DNA. 
The samples were processed as described above for the determination of 
acid soluble nucleotides. 
Hydroxylapatite chromatography: Hydroxylapatite was suspended in phos-
hate buffer(0.01 M, pH 7.0). The fine particles were removed and the 
slurry/ mainly containing coarse particles/ was poured into a column 
of 1 cm cross-section. The stop cock was opened and sufficient amount 
of fluid was allowed to pass to obtain a 3 cm bed. Samples {0.5ml 
containing 500 jjg DNA) were applied and the elution started with a 
stepwise gradient of phosphate buffer(pH 7.0). 3.0 ml fractions were 
collected at the rate of 10 ml/hour. The DNA eluted in various 
fractions was determined by the diphenylamine reaction or spectropho-
tometerically by reading the absorbance at 260 nm. 
Purification of double-stranded DNA by BND-cellulose chromatography; 
Double-stranded DNA without single-strand breaks (SSB) was purified by 
BND-cellulose chromatography as described earlier(Peter Karran et al./ 
1977). Double-stranded DNA elutes from BND-cellulose with 1 M NET(1 M 
NaCl/ 0.1 mM EDTA, 0.01 M Tris-HCl/ pH 7.5). DNA with SSB or single-
stranded regions requires 50 % formamide in 1 M NET. The 1 M eluate 
was dialysed against TNE and used for incubations with furfural and 
methylfurfural. 
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Alkaline unwinding assay: Incubations with fucfural and methylfurfural 
were carried out in volumes of 0.5 ml in sterile tubes. Each reaction 
mixture contained 75 xig DNA and furfural or methylfurfural in the des-
ired DNA bp/furfural or methylfurfural molar ratio. Stoppered tubes 
were incubated at 37 "c for various time periods.Parallel controls, 
which did not contain furfural or methylfurfural, were also incubated. 
The pH of the reaction mixture was noted at the end of the incubation 
and was found unchanged. After incubation, the reaction mixtures were 
placed on ice and immediately subjected to alkaline unwinding by 
rapid addition of an equal volume of 0.06 N NaOH in 0.01 M Na HPO (pH 
12.5),followed by a brief vortexing. The tubes were immediatly placed 
in a dark chamber at room temperature for the duration of the alkaline 
unwinding period (30 minutes). The tubes were gently removed and 
sufficient HCl (0.068 N) was quickly added to bring the pH to neutral-
ity followed by gentle vortexing. 0.125 ml of a 2 % solution of SDS 
containing 0.025 M EDTA was also added and the mixture vortexed 
thorougly. The final volume at the end of alkaline unwinding operation 
ranged between 2.0-2.2 ml. The "unwound-neutralized" reaction mixtures 
were usually stored at 4 C until they were analyzed by hydroxylapatite 
chrcxnatography. 0.5 gm hydroxylapatite was brought to boil in 5.0 ml 
of 0.01 M potassium phosphate buffer pH 7.0, centrifuged and the 
supernatant discarded. The boiled hydroxylapatite was now suspended 
in 3.0 ml of 0.01 M phosphate buffer containing 10 % formamide and the 
tubes incubated at 60°C.Formamide to a final concentration of 10 % was 
also added to the "unwound-neutralized" reaction mixtures before 
28 
transfering then? to the tubes containing boiled hydroxylapatite. The 
samples were incubated at 60 C for 2 hours with intermittent vortex-
ing, followed by centrifugation. The supernatants were discarded and 
3.0 ml of 0.01 M potassium phosphate buffer pH 7.0 containing 20 % 
formamide was added. After thorough mixing/ the tubes were again 
centrifuged and the supernatants discarded. The DNA was quantitatively 
adsorbed by hydroxylapatite as determined by the absence of UV absorb-
ing material in the discarded supernatant. Single-stranded DNA was 
then selectively eluted from the gel by two successive 20-minute inc-
cubations (60 C) with 3.0 ml/ each of 0.125 M potassium phosphate buf-
fer/ pH 7.0, containing 20 % formamide. Tubes were centrifuged as 
before and supernatant collected. Duplex DNA was removed by two 
successive 20 minutes incubations with 3.0 ml each of 0.5 M potassium 
phosphate buffer (pH 7.0) containing 20 % formamide. The supernatants 
were again collected after centrifugation. DNA in eluates was 
measured by absorption at 260 nm or by diphenylamine method (Burton, 
1956). 
Calculations: According to Rydberg (1975), the relationship between 
strand separation of duplex DNA in alkali, where randomly distributed 
breaks are introduced/ is: 
-K 
InF = t 
M 
n 
Where F is the fraction of double-stranded DNA remaining after 
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alkaline denaturation for time t, and K is an assumed constant for 
rotational and frictional forces. M is the number-average molecular 
n 
weight between unwinding points and fo is a constant less than 1. 
From the above expression/ Kanter and Schwartz (1979) have de-
rived the following expression for calculating the number of unwinding 
points (P) per alkaline unwinding unit of DNA. 
P = -
Where F and F are the fractions of double-stranded DNA rema-
X 0 
ining after alkaline denaturation of treated and untreated samples/ 
respectively. The number of breaks (n) per unit DNA is therefore: 
n = P - 1. 
-Treatment of ADNA with furfural /methylfurfural and restriction 
In 
In 
F 
X 
^0 
enzyme digestion. 
2-3 ;jg phage DNA was incubated in a total volume of 20-30 
ul TE(10 mM Tris-HCl pH 7.5, 0.1 mM EDTA) with furfural/methylfurfural 
(dissolved in 20 % ethanol) which were present at molarities indicated 
in text. The reaction mixtures were incubated at 37"c for the time 
periods given in text. At the end of reaction they were gel filtered 
on Biogel A-15m in eppendorf tubes or dialysed against 0.01 M TE using 
0.025 micropore size millipore filter to remove unreacted furfural/me-
thylfurfural. 0.5-1.0 jug reacted DNA samples were digested in 30-40>ul 
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with restriction enzymes which were present in an 8-10 fold excess of 
the units required for complete digestion.A stop solution was added to 
a final concentration of 0.1 % SDS/10 % sucrose and 0.05 % bromophenol 
blue. The scunples were then electrophoresed through a 1 % agarose gel 
(electrophoresis buffer 40 mM Tris-HCl pH 1.1, 20 mM sodium acetate, 
2 mM EDTA)/ stained for 30 minutes in 0.5 jug/ml ethidium bromide, 
destained in electrophoresis buffer for 10 minutes and photographed 
under ultraviolet light. 
Alkaline agarose gel electrophoresis; The procedure of alkaline gel 
was the same as described earlier(Kohen/et a1.,1986).The gel contained 
0.8 % agarose and 0.05 % sodium chloride. The electrophoresis buffer 
contained 0.03 M sodium hydroxide and 0.002 M EDTA and the gel was 
run at 20^ and 40A for 14 hours. After electrophoresis the gel 
was renatured overnightin a buffer containing 0.6 M sodium chloride 
and 1 M Tris-HCl pH 7.4. The gel was stained for 15 minutes in 250 ml 
ethidium bromide (0.3ug/ml) in water and subsequently returned to the 
renaturation buffer for an additional 30 minutes and then photographed 
under ultraviolet light. 
RESULTS 
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(I) INTERACTION OF FURFURAL WITH DNA 
(a) S nuclease hydrolysis and alkaline unwinding of furfural treated 
DNA 
S nuclease and alkaline hydrolysis of furfural treated DNA; In this 
laboratory the single-strand specific S, nuclease has been earlier 
used in studying the secondary structure of DNA modified by various 
chemical mutagens such as intercalating agents and DNA alkylating 
agents (Rizvi and tfadi,1984; Alvi et al., 1985; Rizvi et al.,1986). 
DNA treated with increasing molar ratios of furfural was subje-
cted to hydrolysis by S nuclease. Ihe results given in Table I show 
that the production of acid soluble material increased with increasing 
furfural concentration. Under the same conditions, control native and 
denatured DNA showed 9.2 and 100 % hydrolysis, respectively. Another 
native DNA control, which was incubated without the chemical, showed 
14.8 % hydrolysis. Thus, furfural treatment transforms DNA into an 
effective substrate for S nuclease and suggests a destabilization of 
its secondary structure. Similar findings with several alkylating 
agents, where destabilization of secondary structure on alkylation was 
considered to be due to an accumulation of positive charges on 
opposite strands of native DNA, have been earlier reported from 
this laboratory (Wani et al., 1978; Rizvi £t al.,1982; Rizvi and Hadi, 
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1984). 
In order to test whether apurinic or apyrimidinic sites are 
created, or phosphotriesters are formed on furfural treatment (Wani 
et al., 1978: Crathorn and Shooter, 1982), the treated samples were 
subjected to alkaline hydrolysis under two different conditions. 
Incubation with 0,1 M NaOH causes the cleavage of apurinic sites by 
£)-elimination (Tamm et al.,1953) whereas treatment with 0.5 M alkali 
at 37 C also leads to the hydrolysis of alkylphosphotriesters. As 
seen in Table I, no significant hydrolysis with 0.1 M or 0.5 M alkali 
is observed. These results indicate that apurinic or apyrimidinic 
sites,or phosphotriesters are not formed on furfural treatment of DNA. 
Fig. 1 shows the degradation by S-nuclease of native calf thymus 
WA and DNA treated with increasing molar ratios of furfural. A higher 
o 
temperature of 48 C was used for enzyme incubation in order to expose 
the less stable secondary structures to the enzyme. A progressive 
increase in the rate of WA hydrolysis was observed with increasing 
furfural concentration. These results are in support of the observati-
ons made in Table I. 
Thermal melting profiles of furfural treated DNA; S nuclease has 
been utilized in studying the secondary structure of DNA through a 
variety of approaches, e.g. it has been used to determine the thermal 
melting profiles through digestion of denatured DNA strands (Case and 
Fig.l. Effect of S^ nuclease on native and furfural 
treated WA. 
Treatment of WA with varying amounts of 
furfural was carried out as described in 
'Methods'. 1.5 rag DNA, stock S^ nuclease 
buffer and 240 units of S nuclease were 
added and the volume made upto 3.0 ml. 
0 
Incubation was carried out at 48 C. Aliquots 
containing 500 jjg substrate DNA were removed 
at indicated time intervals. The reaction 
v^ as terminated and processed as described 
in Table I. 
iNative DNA (# ) 
DNA bp/furfural molar ratio 1:2 (O ) 
DNA bp/furfural molar ratio 1:8 (A) 
DNA bp/furfural molar ratio 1:15 (A) 
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Baker, 1975). Fig. 2 shows such an experiment vd.th calf thymus 
DNA treated by furfural at WA bp/furfural molar ratios of 1:2, 1:8 
and 1:16. The mid-range melting temperature (Thi) of control native DNA 
0 
was determined to be 82 C under the conditions employed. With increas-
ing concentrations of furfural mentioned above,successively decreasing 
o 
melting temperatures of 78,76 and 74 C were seen. As in the previous 
experiment,these results demonstrate the destabilization of secondary 
structure of DNA by furfural and suggest that the DNA remains 
essentially double-stranded on furfural treatment. 
Effect of NaCl on S nuclease hydrolysis of furfural treated DNA: 
EWA was treated with furfural at a bp/furfural molar ratio of 1:16 
and subjected to hydrolysis by increasing S nuclease concentration 
in the presence and absence of 0.1 M NaCl. Fig. 3 shows when native 
WA was incubated with S nuclease at 37 C,appreciable production of 
maximum acid soluble material (20 %) was seen (Fig. 3a). However, 
in the presence of NaCl this was reduced to 8 %. On the other 
hand denatured DNA hydrolysis is not affected by the presence of salt 
(Rizvi and Hadi,1984). High ionic strength has a stabilizing effect on 
secondary structure of DNA through the neutralizing effect of counter 
ions on the negative charges of M A fiiosphates (Von Hippel and 
Felsenfeld, 1964). As seen in Fig. 3b, the maximum hydrolysis of 
furfural treated DNA is 47 %, which is reduced to 25 % in the presence 
of NaCl. These results can be interpreted to suggest that the 
negatively charged DNA phos{^ates are not affected by furfural 
Fig.2. Thermal melting profiles of native and fur-
fural treated TXiA at various WA bp/furfural 
molar ratios as determined by the degree of 
S_i nuclease digestion. 
Samples containing 300 jug native or treated 
DNA were heated at the indicated temperatu-
res for 8 minutes and quickly quenched by 
addition of 2 volumes of ice cold S,nuclease 
standard reaction buffer. The mixture was 
then incubated with 80 units of S nuclease 
at 37 C for 3 hours. The reaction was 
terminated and processed as described in 
Table I. 
Native (•) 
DNA bp/furfural molar ratio 1:2 (A) 
DNA bp/furfural molar ratio 1:8 (A) 
DNA bp/furfural molar ratio 1:16 (O) 
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Fig.3. Degradation of furfural treated DNA by 
S_, nuclease in the presence and absence of 
NaCl. 
Treatment of DNA by furfural was done at the 
DNA bp/furfural molar ratio of 1:16.NaCl was 
added to the nuclease reaction mixture to a 
final concentration of 0.1 M. The other 
conditions were the same as given in 
Table I. 
(a) 
Native DNA (O) 
Native DNA + NaCl (#) 
(b) 
DNA treated with furfural (O) 
DNA treated with furfural + NaCl (#) 
37 
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treatment. 
Quantitation of EWA strand breaks by alkaline unwinding assay; The 
fidelity of hydroxylapatite in a batch assay to fractionate the EWA in 
the neutralized alkaline unwinding mixtures has been well estabilished 
by Kanter and Schwartz (1979). However, these and other authors have 
used the alkaline unwinding assay for the measurement of WA damage in 
whole mammalian cells. We have adapted this procedure for the determi-
nation of strand breaks in WA after in vitro treatment with various 
direct acting dietary mutagens and carcinogens. The details are given 
in 'Methods'. Fig.4 illustrates an experiment, where BND-cellulose 
purified WA has been treated with increasing DNA bp/furfural molar 
ratios. The alkaline unwinding of treated samples was carried out for 
two different time periods i.e., for 15 and 30 minutes before neutra-
lization and fractionation of double- and single stranded DNA. It may 
be seen that the fraction of duplex DNA remaining decreases in a 
non-linear fashion with increasing concentration of furfural. With 30 
minutes as the alkaline unwinding period, a smaller amount of DNA 
remains as duplex. These results have been used to determine the 
number of strand breaks formed per unit EWA by the procedure given 
in 'Methods'. 
The results given in Table II show that 30 minutes alkaline unw-
inding period allows the detection of a larger number of strand breaks 
than with a 15 minute unwinding period. Therefore in all subsequent 
Fig.4. Fraction of duplex DNA recovered after reac-
tion with increasing furfural molar ratios. 
75 yg of BND-cellulose purified calf thymus 
DNA was incubated with indicated molar rat-
ios of furfural for 2 hours at 37 C. The 
alkaline unwinding of treated samples was 
immediately started as described in the 
'Methods'. 
Unwinding period 15 minutes (•) 
Unwinding period 30 minutes (O) 
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Table - II 
DNA strand breaks induced by furfural. 
WA bp/furfur- Time of alkaline Fraction of Number of breaks 
al molar ratio unwinding(minutes) duplex DNA per unit M A 
0.78 
0.74 0.15 
0.69 0.42 
0.60 0.95 
0.41 2.41 
0.34 3.12 
0.77 
0.70 0.36 
0.64 0.42 
0.33 3.24 
0.20 5.45 
0.18 5.56 
Data given have been calculated from the values obtained in Fig.4. 
Control 
1 : 1 
1 : 2 
1 : 4 
1 : 8 
1 : 16 
Control 
1 : 1 
1 : 2 
1 : 4 
1 : 8 
1 : 16 
15 
15 
15 
15 
15 
15 
30 
30 
30 
30 
30 
30 
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experiments alkaline unwinding of treated samples was carried out for 
30 minutes. 
In Fig.5, can be seen an experiment where alkaline unwinding 
has been carried out for various time periods after treatment of 
DNA at a fixed EWA bp/furfural molar ratio of 1:4. Furfural treated 
samples show a progressively decreasing amount of duplex fraction. 
These results are given in a tabular form (Table III), where the 
number of strand breaks per unit EWA have been calculated. 
In the above experiments, furfural treatment of DNA was carried 
out for 2 hours at 37 C. In the experiment shown in Fig.6, the trea-
tment was done for various time periods from 1 to 16 hours. Alkaline 
unwinding was carried out as before and the fraction of duplex DNA 
measured. The concentration of furfural chosen was such as to reduce 
the amount of duplex DNA by about 60-70 %. Control native EWA was also 
incubated v«Aiich did not show any change in the amount of duplex EWA. 
Furfural treated WA showed that about 28 % duplex EWA remained at 
the end of 16 hour treatment. The number of SSB formed per unit DNA at 
the end of 2 hours of reaction (Table IV) correlated well with the 
data obtained in Table II. 
Removal of A-T rich regions from native EWA by pea seed nuclease: Ames 
and co-workers (Levin et al., 1982) have suggested that various 
mono- and dialdehyde mutagens induced mutation at A-T base pairs. 
In order to test whether furfural reacts preferentially with A-T rich 
Fig.5. Effect of period of alkaline unwinding on 
the fraction of duplex DNA recovered after 
reaction with furfural. 
DNA bp/furfural molar ratio used for treatm-
ent was 1:4. The other conditions were the 
same as given in Fig.4 and 'Methods'. 
Native DNA (O ) 
DNA treated with furfural (• ) 
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Table - III 
Effect of period of alkaline unwinding on the number of strand breaks 
induced by furfural. 
Period of alkaline Fraction of dup- Fraction of dup- Number of 
unwinding( minutes) lex EWA in contr- lex DNA in trea- breaks per 
ol samples ted samples unit DNA 
2 0.81 0.71 0.60 
5 0.87 0.65 2.09 
10 0.83 0.51 2.61 
15 0.85 0.43 4.19 
20 0.87 0.43 5.06 
30 0.86 0.34 6.15 
Data given have been calculated from the values obtained in Fig.5. 
Fig.6. Effect of time of reaction of furfural with 
DNA on the fraction of duplex DNA recovered. 
DNA bp/furfural molar ratio used for treat-
ment was 1:4 and incubation was carried out 
for the various time periods as indicated in 
the Figure. 
Native DNA (O) 
DNA treated with furfural (#) 
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Table - IV 
Effect of Increasing time of reaction of furfural with DNA on strand 
breaks. 
Reaction time of Fraction of dup- Fraction of dup- Number of 
furfural with WA lex DNA in cont- lex EWA in trea- breaks per 
(hours) rol samples ted samples unit WA 
1 0.96 
2 0.96 
4 0.96 
8 0.96 
16 0.96 
0.91 
0.80 
0.60 
0.40 
0.29 
1.31 
4.46 
11.50 
21.75 
29.74 
Data given have been calculated from the values obtained in Fig.6. 
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regions in DNA the following protocol was followed. The predominantly 
A-T rich areas were removed by hydrolysis with pea seed nuclease 
before the reaction of ESMA with furfural. The single-strand specific 
nuclease from pea seeds has been purified and characterized in this 
laboratory (Wani and Hadi, 1979). This enzyme was subsequently shown 
to preferentially hydrolyse partially denatured A-T rich areas in 
native DNA (Wani and Hart, 1981). 
The hydrolysis of double-stranded DNA by pea seed nuclease was 
carried out at 48 C in order to expose relatively less stable A-T 
rich regions to nucleolytic action. As shown in Fig. 7 and as 
expected A-T rich depleted EWA showed a higher melting temperature as 
compared with double-stranded WA (81 vs 86 C). 
Assuming the G-C percentage of 42 for calf thymus ESMA, the same 
value in A-T bp depleted WA was calculated to be 54 % (Mandel and 
Marmur, 1968). 
S nuclease hydrolysis of A-T bp depleted furfural treated EWA: The 
A-T bp depleted DNA prepared above was purified by ethanol precipita-
tion and reacted with furfural at the bp/furfural molar ratio of 
1:16. The treated samples (both A-T bp depleted and native CWA ) 
were subjected to hydrolysis by increasing units of S nuclease. 
The results given in Fig. 8 show that the maximum extent of 
hydrolysis achieved with native DNA was almost three times that of 
Fig.7. Thermal melting profiles of native and pea 
seed nuclease treated DNA. 
10 mg of calf thymus WA was incubated with 
3 units of pea seed single strand specific 
nuclease for 1 hour at 48 C in the standard 
reaction mixture (Wani and Hadi, 1979). The 
undigested DNA was precipitated with 3 volum-
es of ethanol in the presence of 0.1 M sodium 
acetate.The precipitated DNA was washed once 
with ethanol, dried in air and suspended in 
2.0 ml of TNE. The amount of recovered DNA 
was 7.2 mg. Ihermal melting profiles were 
determined as described in 'Method' using S 
1 
nuclease. 
Native DNA (•) 
A-T bp depleted DNA (O) 
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Fig.8. S nuclease hydrolysis of native and A-T bp 
depleted DNA. 
Native and A-T bp depleted EWA after treatme-
nt with furfural at the EWA bp/furfural molar 
ratio of 1:16 were subjected to hydrolysis by 
increasing S nuclease concentration in the 
standard S nuclease reaction mixture. 
Native DNA (O) 
Native DNA + furfural (A ) 
A-T bp depleted DNA (#) 
A-T bp depleted DNA + furfural (1 ) 
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A-T bp depleted IMA. However, in the absence of furfural treatment, 
both types of samples gave significantly lower extent of hydrolysis. 
These results suggest that removal of A-T rich areas from native 
EWA reduces the number of reaction sites for furfural and indicate 
that furfural preferentially reacts with A-T rich regions. 
Alkaline unwinding of A-T bp depleted furfural treated EWA: In order 
to further substantiate the above results, a similar experiment was 
also done using the alkaline unwinding assay. The A-T bp depleted 
EWA was further purified by BND-cellulose chromatography and treated 
with furfural followed by the alkaline unwinding assay. As shown in 
Table V, the number of SSB produced per unit DNA was determined to be 
4.86 and 0.54 for the native and A-T bp depleted DNA, reaspectively. 
Therefore with A-T bp depleted WA the extent of reaction with 
furfural is reduced to about 9 times less than with native EWA. 
Effect of ionic strength and temperature on the reaction of furfural 
with DNA; In Table VI and VII is given the effect of increasing ionic 
strength and temperature on the formation of strand breaks in DNA by 
furfural. Table VI shows that the presence of salt decreases the 
number of breaks formation by furfural. In Table VII is given the 
effect of three increasing temperatures of incubation with furfural 
on strand break foirmation. The shift from 25 to 37 °C causes a 
substantial increase in the number of strand breaks formed per unit 
50 
Table - V 
Strand breaks induced by furfural in native and A-T bp depleted DNA. 
The pea seed nuclease hydrolysed A-T bp depleted WA was further 
purified by BND-cellulose chromatograpiiy. The purified DNA (75 jug per 
samples) was treated with furfural at a DNA bp/furfural molar ratio 
of 1:4 and subjected to alkaline unwinding. Native DNA used was also 
in equivalent amount. 
Treatment Fraction of duplex Number of breaks 
DNA per unit EWA 
Native DNA 0.84 
Native DNA + furfural 0.36 4.86 
A-T bp depleted DNA 0.90 
A-T bp depleted DNA + 
furfural 0.85 0.54 
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Table - VI 
Effect of NaCl on furfural induced strand breaks in DNA. 
BND-cellulose purified DNA was treated with furfural at a DNA 
bp/furfural molar ratio of 1:4 for 2 hours at 37 C.lhe incubation mix-
ture also contained NaCl in the final concentration indicated. 
Concentration Fraction of dup- Fraction of dup- Number of 
of NaCl (M) lex DNA in cont- lex DNA in trea- breaks per 
trol sample ted samples unit CWA 
0.0 0.89 0.58 4.28 
0.1 0.89 0.68 2.38 
0.2 0.89 0.72 1.82 
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Table-VII 
Effect of temperature on furfural induced strand breaks in DNA 
BND-cellulose purified EWA was treated with furfural at a E*JA 
bp/furfural molar ratio of 1;A, at the indicated temperatures for 2 
hours. 
Temperature 
(X) 
Fraction of dup-
lex DNA in cont-
rol samples 
Fraction of dup- Number of 
lex DNA in trea- breaks per 
ted samples unit EWA 
25 0.75 0.74 0.05 
37 0.77 0.29 3.74 
50 0.72 0.17 4.41 
53 
0 
DNA. This is further increased on incubation at 50 C . It is possible 
that the greater reaction at higher temperatures is related to an 
increase in the partial single-stranded character of A-T rich regions 
at these temperatures. This would also be consistent with the results 
observed in previous experiments. 
(b) Restriction analysis of furfural treated EWA 
Several authors have made use of restriction enzymes in the stu-
dy of structural alteration in DNA caused by EWA specific drugs 
(Nosikove et aL,1976; Goppelt et al,1981). These studies are based on 
the assumption that a structural change in recognition sites through 
covalent modification,adduct formation or strand breakage would result 
in the inhibition of cleavage at that site. Restriction analysis of 
'- phage WA reacted with furfural was first done by selecting enzymes 
having exclusively G-C or A-T base pairs in their recognition sequen-
ces. Fig.9 shows an experiment where DNA was treated with increasing 
concentrations of furfural and digested with Apal (GGGCC/C) and 
Dral (TIT/AAA). All treated samples were cleaved with Apal giving a 
pattern similar to that with untreated EWA (A). On the other hand, 
complete inhibition of cleavage occured with Dral in all samples 
(B). Since Apal has only a single site on DNA, another set of 
restriction enzymes namely BssHII (C/CGCGC) and Sspl (AAT/ATT) were 
selected and a similar experiment was performed. Two different concen-
Fig.9. Effect of furfural treatment on Apal (A) and 
Dral (B) digestion of Xphage DNA. 
2 ;jg of phage WA in 30 ul of TE was 
incubated with 1, 2 and 5 mM concentrations 
(lanes 2, 3 and 4 respectively) of furfural 
for 1 hour at 37 C. Lane 1 in both (A) and 
(B) represents phage DNA alone incubated 
without furfural. Furfural was removed by 
gel filtration and 0.5 ug DNA samples were 
digested with the restriction enzymes. 
Fig.10. BssHII (A) and Sspl(B) digestion of furfural 
treated .A, f^age EWA. 
DNA was treated with 1 and 2 raM concentrati-
ons of furfural(lanes 2 and 3 respectively). 
Lane 1 in both (A) and (B) represents phage 
DNA alone incubated v/ithout furfural. 
Reacted WA was processed as described in 
Fig. 9. 
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trations of furfural were tested and the results are given in Fig.10. 
Similar to the previous experiment Sspl was inhibited v^ereas complete 
digestion was observed with BssHII. In another experiment (Fig.14) 
complete digestion was also seen with SacII (CCGC/GG). In all 
digestion mixtures the restriction enzymes were present in an 8-10 
fold excess of the units required for complete digestion. These 
results indicate that under the conditions used furfural reacts exclu-
sively with A-T base pairs in a way that leads to the inhibition of 
cleavage by restriction endonucleases. 
In order to define the minimum number of consecutive A-T base 
pairs necessary for reaction with furfural,the reacted EWA was cleaved 
with the following restriction enzymes; Sspl (AAT/ATT),ECORI(G/AATTC), 
NcoI(C/CATGG)and Mlul (A/CGCGT). The results given in Fig.11 show that 
whereas Sspl and EcoRI sites are protected against cleavage by these 
enzymes,Ncol and Mlul show a normal cleavage pattern.HindiII (A/AGCTT) 
and Bell (T/GATCA) also showed the standard cleavage pattern with 
furfural treated EJ^ A (Fig. 12). These results indicate that the 
reaction of furfural with double-stranded DNA requires the prese-
nce of at least three to four consecutive A-T base pairs.It is further 
suggested that this reaction may be due to the low melting nature of 
exclusively A-T sequences (Von Hippel and Felsenfeld, 1964). Therefore 
presence of high ionic strength should have a stabilizing effect on 
such structures and under these conditions the extent of reaction 
with furfural should be reduced. In order to test this possibility 
Fig.11. SspI,EcoRI, Ncol and Mlul digestion of 
furfural treated A phage IJNIA. 
3 jag of phage WA was treated with 2 mM 
furfural as described in Fig.9. Lanes 1, 3, 
5 and 7 are cleavage patterns with Sspl, 
EcoRI, Ncol and Mlul respectively of control 
untreated DNA. Lanes 2,4,6 and 8 are corres-
ponding digestions of furfural treated EWA. 
Fig. 12. Digestion of furfural treated -''-DNA with 
Hindlll and Bell. 
2 iig of i^ iage EWA was treated with 1 mM 
furfural as described in Fig. 9. Lanes 1 
and 3 are cleavage piattems with Hindlll 
and Bell respectively of control untreated 
DNA. Lanes 2 and 4 are corresponding 
digestions of furfural treated DNA. 
1 2 3 A 5 6 7 8 
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the experiment shown in Fig.13 was done. It is seen that when EWA is 
treated with furfural in the presence of 0.075 M and 0.15 M NaCl, 
the inhibition of EcoRI cleavage (A) is progressively eliminated. 
Similar results are also obtained with Sspl (B). Exclusively G-C 
sequences possess a higher melting temperature than A-T sequences. 
In order to explore whether G-C sequences would also react at elevated 
temperatures,the experiment shown in Fig.14 was carried out. DNA was 
treated with furfural at temperatures indicated in the Fig. and 
subjected to cleavage with (A) SacII (CCGG/GG)and (B) Sspl (AAT/ATT). 
As seen at 52 C and above, furfural caused extensive degradation of 
DNA and therefore these samples did not yield any restriction pattern. 
Fig.13. Effect of ionic strength on the reaction 
of furfural with Xl^age WA (A) EcoRI 
cleavage (B) Sspl cleavage. 
Incubation of phage DNA with furfural was 
done as described in Fig.9 except that 
sodium chloride vas added at the indicated 
concentrations. The reaction mixtures were 
gel filtered and aliquots subjected to 
EcoRI digestion. Lane 1 in both (A) and (B) 
represents untreated control; lane 2,without 
NaCl; lane 3, 0.075 M NaCl and lane 4,0.15 
M NaCl. 
Fig.14. Effect of temperature on furfural action; 
cleavage with SacIl(A) and Sspl(B). 
2 ug of phage DNA was treated with 1 raM at 
37, 42, 52 and 62 "c (lanes 2, 3, 4 and 5 
respectively) for 1 hour. Reacted DNA was 
processed as described in Fig.9. Lane 1 in 
both (A)and (B) represents cleavage patterns 
with SacII and Sspl respectively of control 
untreated DNA. 
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(II) INTERACTION OF MEmYLFURFURAL WITH DNA 
(a) S nuclease hydrolysis and alkaline unwinding of methylfurfural 
treated DNA 
S nuclease and alkaline hydrolysis of methylfurfural treated DNA: 
DNA treated with increasing molar ratios of methylfurfural was subjec-
ted to hydrolysis by single-strand specific S nuclease. The results 
given in Table VIII show that production of acid soluble material 
increased with increasing methylfurfural concentration.Under the same 
conditions, control and denatured DNA showed 12.2 and 100 % hydrolys-
is, respectively. Another native WA control, which was incubated 
without methylfurfural,also showed 12.2 % hydrolysis.Thus methylfurfu-
ral treatment transforms WA into an effective substrate for S, nucl-
ease and suggests a destabilization of its secondary structure. 
Similar findings with several other alkylating agents, where destab-
ilization of secondary structure on alkylation was considered to 
be due to an accumulation of positive charges on opposite strands 
of native DNA, have earlier been reported from this laboratory 
(Wani et al.,1978; Rizvi £t al., 1982; Rizvi and Hadi, 1984). 
In order to test \diether apurinic or apjnrimidinic sites are 
created, or phosphotriesters are formed on methylfurfural treatment 
(Wanietal., 1978; Crathorn and Shooter, 1982), the treated samples 
were subjected to alkaline hydrolysis under two different conditions. 
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Incubation with 0.1 M alkali causes the cleavage of apurinic sites by 
P -elimination (Tainn et al.,1953),whereas treatment with 0.5 M alkali 
at 37 C also leads to the hydrolysis of allQ^lphosphotriesters. As 
seen in Table VIII, no hydrolysis with 0.1 M alkali is observed at all 
E^A bp/methylfurfural ratios tested. However, with 0.5 M NaOH a 
progressive increase in the acid soluble material is seen suggesting 
the possible formation of alkylphosphotriesters. 
Fig.15 shows the degradation by S nuclease with time of native 
calf thymus DNA and DNA treated with increasing molar ratios of methy-
Ifurfural. A higher temperature of 48 C was used for enzyme incubation 
in order to expose the less stable secondary structures in ENA to 
the enzyme. A progressive increase in the rate of DNA hydrolysis 
was observed with increasing methylfurfural concentration. These 
results are in support of the observations made in Table VIII. 
Thermal melting profiles of methylfurfural treated DNA: S nuclease 
has been utilized in studying the secondary structure of EWA through 
a variety of approaches; e.g., it has been used to determine the 
thermal melting profiles through digestion of denatured I^ A strands 
(Case and Baker,1975).Fig.16 shows such an experiment with calf thymus 
DNA treated with methylfurfural at ENA bp/methylfurfural molar ratios 
of 1:1, 1:9 and 1:18. The mid-range melting temperature (Thi) of 
control native HMA was determined to be 83 C under the conditions 
employed. With increasing concentrations of methylfurfural mentioned 
Fig.15. Effect of S, nuclease on native and methyl-
furfural treated DNA. 
Treatment of H^A with varying amounts of 
methylfurfural was carried out as described 
in 'Methods'. 1.5 mg DNA, stock S, nuclease 
buffer and 240 units of S, nuclease were 
added and tne volume made upto 3.0 ml. 
Incubation was carried out at 48 C. Aliquots 
containing 500 ug substrate WA were removed 
at indicated time intervals. The reaction 
was terminated and processed as described in 
Table I. 
Native DNA (• ) 
DNA bp/methy1furfural molar ratio 1:3 (O) 
DNA bp/methylfurfural molar ratio 1;9 (A) 
DNA bp/methylfurfural molar ratio 1:18 (A) 
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Fig.16. Thermal melting profiles of native and meth-
ylfurfural treated DNA at various DNA bp/ 
methylfurfural molar ratios as determined by 
the degree of S, nuclease digestion. 
Samples containing 300 jug native or treated 
DNA were heated at the indicated temperatur-
es for 8 minutes and quickly quenched by 
addition of 2 volumes of ice cold S-jnuclease 
standard reaction buffer. The mixture was 
then incubated with 80 units of S, nuclease 
at 37 C for 3 hours. Tne reaction was 
terminated and processed as described in 
Table I. 
Native DNA (# ) 
DNA bp/methylfurfural molar ratio 1:1 (^  ) 
DNA bp/methylfurfural molar ratio 1:9 (Y) 
DNA bp/methylfurfural molar ratio 1:18 (O) 
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above, successively decreasing melting temperatures of 81, 78 and 75 C 
were seen. These results suggest that the secondary structure is 
destabilised but the EWA remains essentially double-stranded on 
treatment with methylfurfural. This was further confirmed by the 
hydroxylapatite chromatography of methylfurfural treated EWA samples. 
All samples (upto a EWA bp/ methylfurfural molar ratio of 1:18) 
eluted at the position of double-stranded EWA (result not shown). 
Effect of NaCl on S nuclease hydrolysis of methylfurfural treated 
DNA: DNA was treated with methylfurfural at a bp/methylfurfural molar 
ratio of 1:18 and subjected to hydrolysis by increasing S nuclease 
concentrations in the presence and absence of 0.1 M NaCl (Fig.17). As 
shown above in Table VIII, when native EWA is incubated with S^  
nuclease at 48 C, appreciable production of acid soluble material 
(12.2 %) is seen.However,in the presence of 0.1 M NaCl this is reduced 
to 4 %. On the other hand, denatured M A hydrolysis is not affected by 
the presence of salt (Rizvi and Hadi, 1984). High ionic strength has 
a stabilizing effect on secondary structure of DNA through the neutra-
lizing effect of counter ions on the negative charges of EWA 
phosphates (Von Hippel and Felsenfeld, 1964). As seen in Fig. 17 b,the 
maxinwra hydrolysis of methylfurfural treated WA is 22 % which is red-
uced to 15 % in the presence of NaCl. However, the reduction with salt 
does not occur to the same extent as would be expected with untreated 
native WA (Fig. 17 a). Cbe explanation could be that the reaction 
with methylfurfural results in the formation of phosphotriesters. 
Fig.17. Degradation of methylfurfural treated DNA by 
S_-, nuclease in the presence and absence of 
NaCl. 
Treatment of DNA by methylfurfural was done 
at the WA bp/methylfurfural molar ratio of 
1;18. NaCl was added to the nuclease reac-
tion mixture to a final concentration of 
0.1 M. The other conditions were the same as 
given in Table I. 
(a) 
Native WA (O ) 
Native MA + NaCl ( # ) 
(b) 
DNA treated with methylfurfural (O) 
DNA treated with methylfurfural + NaCl (# ) 
o o o 
CM VNQ V. 
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thereby abolishing the negative charges on DNA(Siebenlist and Gilbert, 
1980). Under these conditions, NaCl would have little effect on 
localized melting in the duplex DNA. 
Quantitation of DNA strand breaks by alkaline unwinding: The fidelity 
of hydroxylapatite in a batch assay to fractionate the DNA in the 
neutralized alkaline unwinding mixtures has been well established by 
Kanter and Schwartz (1979). However, these and other authors have used 
the alkaline unwinding assay for measurement of DNA damage in whole 
maninalian cells. We have adapted this procedure for the determination 
of strand breaks in WA after in vitro treatment with various 
direct acting dietary mutagens and carcinogens. The details are given 
in 'Methods'. 
Fig.18 illustrates an experiment, where BND-cellulose purified 
DNA has been treated with increasing molar ratios of methylfurfural. 
The alkaline unwinding of treated samples was carried out for two 
different time periods i.e., for 15 and 30 minutes before 
neutralization and fractionation of double- and single stranded ENA. 
It may be seen that the fraction of duplex EWA remaining decreases in 
a non-linear fashion with increasing concentration of methylfurfural. 
With 30 minutes as alkaline unwinding period almost no duplex DNA 
remains behind.Ihese results have been used to determine the number of 
strand breaks formed per unit WA by the procedure given in 'Methods'. 
Fig.18. Fraction of duplex EWA recovered after reac-
tion with increasing methylfurfural molar 
ratios. 
75 p.g of BND-cellulose purified calf thymus 
DNA was incubated with indicated molar rat-
ios of methylfurfural for 16 hours at 37 C. 
The alkaline unwinding of treated samples 
was immediately started as described in the 
'Methods'. 
Unwinding period 15 minutes (#) 
Unwinding period 30 minutes (O) 
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Table - IX 
DNA strand breaks induced by methylfurfural. 
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WA bp/methy- Period of a lkal-
furfural molar ine unwinding 
r a t i o (minutes) 
Fraction 
duplex 
0.86 
0.71 
0.43 
0.31 
0.28 
0.81 
0.69 
0.33 
0.04 
0.02 
of 
DNA 
Number of breaks 
per unit DNA 
-
1.27 
4.60 
6.76 
7.40 
-
0.76 
4.26 
14.51 
16.33 
Control 
1 : 1 
1 : 3 
1 : 9 
1 : 18 
Control 
1 : 1 
1 : 3 
1 : 9 
1 : 18 
15 
15 
15 
15 
15 
30 
30 
30 
30 
30 
Data given have been calculated from the values obtained in Fig.18. 
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The results given in Table IX show that 30 minutes alkaline 
unwinding period allows the detection of a much larger number of 
strand breaks than with a 15 minute unwinding period. Therefore in 
all subsequent experiments alkaline unwinding of treated samples 
was carried out for 30 minutes. 
In Fig.19 is given an experiment, where alkaline unwinding has 
been carried out for various time periods after treatment of DNA at 
a fixed WA bp/methy1furfural molar ratio of 1:3. Control untreated 
DNA shows little change in the fraction of duplex DNA, whereas treated 
samples show a progressively decreasing amount of duplex fraction. 
These results are also given in tabular form (Table X), where the 
number of strand breaks per unit EWA have been calculated. 
In the above experiment, methylfurfural treatment of EWA was 
carried out for 16 hours at 37 C. In the experiment shown in Fig.20, 
the treatment was done for various periods from 2 to 16 hours and alk-
aline unwinding was carried out and the fraction of duplex DNA 
measured. The concentration of methylfurfural chosen was such as to 
reduce the amount of duplex WA by about 60-70 %. Control native DNA 
was also incubated which did not show any change in the amount of 
duplex HJA. Methylfurfural treated nSfA showed that about 30 % duplex 
DNA remained at the end of 16 hour treatment. The number of SSB formed 
per unit DNA (Table XI) correlated well with the data obtained in 
Table IX. 
Fig.19. Effect of period of alkaline unwinding on 
the fraction of duplex DNA recovered after 
reaction with methylfurfural. 
DNA bp/methy1furfural molar ratio used for 
treatment was 1:3. The other conditions were 
the same as given in Fig. 12 and in the 
'Metnods'. 
Native DNA (9 ) 
DNA treated with methylf urfural (O) 
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UNWINDING PERIOD(MINUTES) 
30 
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Table - X 
Effect of pericxj of alkaline unwinding on the number of strand breaks 
induced by methylfurfural. 
Period of alkaline Fraction of dup- Fraction of dup- Number of 
unwinding (minutes) lex DNA in contr- lex DNA in trea- breaks per 
ol samples ted samples unit DNA 
2 0.77 
5 0.80 
10 0.78 
15 0.79 
20 0.80 
30 0.81 
Data given have been calculated from the values obtained in Fig.19. 
0.74 
0.59 
0.49 
0.36 
0.31 
0.32 
1.16 
1.36 
1.87 
3.33 
4.24 
4.27 
Fig.20. Effect of time of reaction of methylfurfural 
with WA on the fraction of duplex WA 
recovered. 
DNA bp/methylfurfural molar ratio used for 
treatment was 1:3 and incubation was carried 
out for the various time periods as 
indicated in the Figure. 
Native DNA (O) 
DNA treated with methylfurfural (% ) 
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TIME OF INCUBATION 
(HOURS) 
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Table - XI 
Effect of increasing time of reaction of methylfurfural with WA on 
strand breaks. 
Reaction time of Fraction of dup- Fraction of dup- Number of 
methylfurfural lex DNA in cont- lex DNA in trea- breaks per 
with DNA (hours) rol samples ted samples unit DNA 
1 0.82 0.73 0.58 
2 0.78 0.71 0.43 
4 0.78 0.70 0.43 
8 0.79 0.44 2.48 
16 0.78 0.28 4.12 
Data given have been calculated from the values obtained in Fig.20. 
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S_, nuclease hydrolysis of A-T bp depleted methylfurfural treated DNA: 
Using pea seed nuclease, A-T bp depleted DNA was prepared as 
already described (Fig. 7). The A-T bp depleted DNA was purified by 
ethanol precipitation and reacted with methylfurfural at a 
bp/methylfurfural molar ratio of 1:18. The treated samples (both A-T 
bp depleted and native DNA) were subjected to hydrolysis by increasing 
units of S nuclease. The results given in Fig.21 show that the 
maximum extent of hydrolysis achieved with native ENA was almost 
double of that with A-T bp depleted DNA. However, in the absence of 
methylfurfural treatment, both types of samples gave significantly 
lower but similar extent of hydrolysis. These results suggest that 
removal of A-T rich areas from native WA reduces the number of 
reaction sites for methylfurfural and indicates that methylfurfural 
preferentially reacts with A-T rich regions. 
Alkaline unwinding of A-T bp depleted methylfurfural treated DNA; In 
order to further substantiate the above results, a similar experiment 
was also done using the alkaline unwinding assay. The A-T bp depleted 
DNA was further purified by BND-cellulose chromatography and reacted 
with methylfurfural, followed by alkaline unwinding. As shown in Table 
XII, the number of SSB produced per unit WA was determined to be 3.40 
and 0.24 for native and A-T bp depleted EWA respectively. Therefore 
with A-T bp depleted MA, the extent of reaction with methylfurfural 
is reduced to about ten times less than with native DNA. 
Fig.21._S, nuclease hydrolysis of native and A-T 
bp depleted DNA. 
Native and A-T bp depleted EWA after treatm-
ent with methylfurfural at the DNA bp/methy-
Ifurfural molar ratio of 1:18 were subjected 
to nydrolysis by increasing S nuclease con-
centration in the standard S nuclease rea-
ction mixture. 
Native DNA (O) 
Native DNA + methylfurfural (A) 
A-T bp depleted DNA (#) 
A-T bp depleted m A + methylfurfural (A ) 
75 
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Table - XII 
Strand breaks induced by methylfurfural in native and A-T bp depleted 
DNA. 
The pea seed nuclease hydrolysed A-T bp depleted ENA was 
further purified by BND-cellulose chromatography. The purified EWA 
(75 ug per samples) was treated with methylfurfural at a WA bp/ 
methylfurfural molar ratio of 1:3 and subjected to alkaline unwinding. 
Native EWA used was also in equivalent amount. 
Treatment Fraction of duplex Number of breaks 
DNA per unit DNA 
Native DNA 0.82 
Native DNA + methylfurfural 0.43 3.40 
A-T bp depleted DNA 0.83 
A-T bp depleted DNA + 
methylfurfural 0.79 0.24 
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Table - XIII 
Effect of NaCl on methylfurfural induced strand breaks in DNA. 
BND-cellulose purified DNA was treated with methylfurfural at 
a DNA bp/iiiethylfurfural molar ratio of 1:3 for 16 hours at 37 ""C. The 
incubation mixture also contained NaCl in the final concentration 
indicated. 
Concentration 
of NaCl (M) 
0.0 
0.1 
0.2 
Fraction of dup-
lex DNA in cont-
rol samples 
0.86 
0.85 
0.84 
Fraction of 
lex DMA in i 
ted samples 
0.39 
0.40 
0.42 
dup-
trea-
Number of 
breaks per 
unit EWA 
5.15 
4.60 
3.90 
• • \ 
~- -• -r ^  
JM'Y* 
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Table- XIV 
Effect of temperature on methylfurfural induced strand breaks in WA 
BND-cellulose purified DNA was treated with methylfurfural at 
a DNA bp/methylfurfural molar ratio of 1:3 at the temperatures 
indicated for 16 hours. 
Temperature Fraction of dup- Fraction of d - Number of 
('C ) lex DNA in cont- lex DNA in trea- breaks per 
rol samples ted samples unit DNA 
25 0.84 0.70 1.02 
37 0.82 0.37 4.07 
50 0.78 0.20 5.52 
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Effect of ionic strength and ten^rature on reaction of methylfurfural 
with IX^ A: In Table XIII and XIV is given the effect of increasing 
ionic strength and temperature on the formation of strand breaks in 
IWA by methylfurfural. Table XIII shows that presence of salt has an 
inhibitory effect on the formation of breaks formed per unit DNA and 
therefore presence of salt reduces the extent of reaction with 
methylfurfural. Presumably, the presence of counter ions affects the 
accessibility of methylfurfural to its sites of action. In Table XIV 
is given the effect of three increasing temperatures of incubation 
with methylfurfural on strand break formation. The shift from 25 to 
37'C causes a substantial increase in the number of strand breaks 
formed per unit EWA. This is further increased on incubation at 
50 ^ C. It is possible that the greater reaction at higher temperature 
is related to the partial single-stranded character of A-T rich 
regions at these temperatures. This would also be consistent with 
the results observed earlier using A-T bp depleted DNA. 
(b) Restriction analysis of methylfurfural treated DNA 
In these experiments, a similar strategy and protocol was followed 
as in the case of furfural Fig.22 shows an experiment v^ere DNA was 
treated with increasing concentrations of methylfurfural and digested 
with EcoRl(G/AATTC).It is seen that at a concentration of 1.2 mM there 
is partial digestion of methylfurfural reacted EWA (lane 4). At the 
still higher concentration of 1.6 mM complete inhibition of cleavage 
Fig.22. Effect of methylfurfural treatment on EcoRI 
digestion of A phage DNA. 
2 jLig of phage DNA in 30 ul of TE was incuba-
ted with 0.4, 0.8,1.2 and 1.6 mM concentrat-
ions (lanes 2, 3, 4 and 5 respectively) of 
methylfurfural for 2 hours at 37 C. Lane 1 
represents phage DNA alone incubated without 
methylfurfural. Methylfurfural was removed 
by dialysis on millipore filter paper and 
0.5 ;Ug DNA samples were digested with EcoRI. 
Fig.23. Effect of methylfurfural treatment on Smal 
digestion of /.phage DNA. 
2 ug of phage EWA in 30 ul of TE was incuba-
ted with 0.4,0.8,1.2 and 1.6 mM concentrati-
ons (lanes 2, 3, 4 and 5 respectively) of 
methylfurfural for 2 hours at 37 C. Lane 1 
represents phage DNA alone incubated without 
methylfurfural. Methylfurfural was removed 
by dialysis on millipore filter paper and 
0.5 ;jg DNA samples were digested with Smal. 
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pairs necessary for reaction with methylfurfural, the reacted DNA was 
cleaved with the following restriction enzymes; EcoRI (G/AATTC), Pvul 
(OGAT/OG) and Bglll (A/GATCT). The results given in Fig.26 show that 
whereas EcoRI sites are protected against cleavage, Pvul and Bglll 
show a normal cleavage pattern. Since only EcoRI sequence possesses 
four consecutive A-T base pairs it is indicated that the reaction of 
methylfurfural with WA under the given experimental conditions 
requires the presence of at least three to four consecutive A-T 
base pairs. Stretches of A-T base pairs are considered to possess 
partial single stranded character due to their low melting nature 
(Von Hippel and Felsenfeld, 1964). Presence of higher ionic strength 
should have a stabilizing effect on such structures and under these 
conditions the extent of reaction with methylfurfural should be 
reduced. To test this possibility the experiment shown in Fig.27 
was carried out. DNA was treated with methylfurfural in presence 
of 0.025 M, 0.05 M and 0.1 M NaCl and subjected to cleavage by EcoRI. 
It is seen that at the latter two concentrations of NaCl the 
inhibition of EcoRI cleavage is progressively eliminated. These 
results show that the reaction of methylfurfural with A-T sequence in 
double standed DNA presumably occurs due to their partial single 
stranded character. 
Fig.25. EcoRI,PvuI and Bglll digestion of methylfur-
f ural treated -A pjiage ntJA. 
2 jag of phage DNA was treated with 1.6 mM 
methylfurfural as described in Fig.22. Lanes 
1,3 and 5 are cleavage patterns with EcoRI, 
Pviil and Bglll respectively of control 
untreated WA. Lanes 2,4 and 6 are correspo-
nding digestions of methylfurfural treated 
DNA. 
Fig.27. Effect of ionic strength on the reaction of 
methylfurfural with y^ phage DNA; EcoRI 
cleavage 
2 ;jg of phage EWA was treated with 1.6 mM 
methylfurfural as described in Fig.22 except 
that sodium chloride was added at indicated 
concentrations. The reaction mixtures were 
dialysed and subjected to EcoRI digestion. 
Lane 1, untreated control; Lane 2, without 
NaCl; Lane 3, 0.025 M NaCl; Lane 4, 0.05 M 
NaCl and Lane 5, 0.1 M NaCl. 
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(IIl)DIFFERENriAL MODE OF REACTION OF FURFURAL AND METHYLFURFURAL Wlffl 
DNA. 
Using alkaline unwinding assay it was demonstrated in the 
previous chapters that both furfural and methylfurfural induced strand 
breaks in double-stranded DNA in vitro. That the strand breaks in DNA 
are formed by the mutagenic agents alone and are not introduced on 
subsequent alkaline treatment is suggested by the experiments with 
S( nuclease which showed a destabilisation of the secondary structure 
in the absence of alkaline treatment. Although both furfural and 
methylfurfural primarily react with A-T sequences, there were indicat-
ions that they may act on EWA by different mechanisms. For example in 
contrast with furfural, methylfurfural treated DNA could be hydrolyzed 
with 0.5 M NaOH (Table I and VIII). Also, the rate of formation of 
strand breaks by methylfurfural was much slower as compared with 
furfural (Table IV and XI). In this chapter we have explored the 
mode of action on DNA of these two mutagenic agents. 
Ihe above two parameters viz. the alkaline hydrolysis of 
treated WA and rate of formation of strand breaks by the two agents, 
were repeated in a more systematic manner. Table XV shows an 
experiment v^ iere DNA was treated with increasing molar ratios of 
furfural and methylfurfural and subjected to hydrolysis by 0.1 M NaOH. 
As mentioned earlier, 0.1 M NaOH causes the cleavage of apurinic sites 
byp-elimination(Tamm et al.,1953) whereas treatment with 0.5 M alkali 
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Table-XV 
Alkaline hydrolysis of furfural and methylfurfural treated DNA 
Furfural and methylfurfural treatment of DNA was carried out as 
described in 'Methods'. Alkali labile acid soluble nucleotides were 
determined by the diphenylamine reaction after precipitating with ice 
cold perchloric acid in the presence of 2 mg of bovine serum albumin. 
DNA bp/agent Furfural Methylfurfural 
molar ratio 
jd mole acid soluble ju mole acid soluble 
DNA nucleotide DNA nucleotide 
O.lMNaOH 0.5 M NaOH 0.1 M NaOH 0.5 M NaOH 
Control (DNA 0.00 0.00 0.00 0.00 
alone) 
1:4 0.00 0.00 0.00 0.012 
1:9 0.00 0.00 0.00 0.025 
1:18 0.00 0.00 0.00 0.065 
1:27 0.00 0.00 0.00 0,076 
1;36 0.00 0.00 0.00 0.112 
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at 37 ^fc, in addition leads to the hydrolysis of alkylphosphotriesters 
(Shooter,1976). As seen in the Table, 0.1 M alkali does not hydrolyse 
the treated DNAs at any of the molar ratios of the agents. On the 
other hand 0.5 M alkali leads to the production of acid soluble 
material from methylfurfural treated DNA but not furfural treated 
EWA. These results indicate the formation of alkylphosphotriesters in 
the former samples. 
In Table XVI the number of strand breaks formed by furfural and 
methylfurfural has been compared a as function of time of reaction 
with the mutagenic agents. At the fixed DNA bp/agents molar ratio 1:4, 
in comparison with methylfurfural, furfural treatment leads to the 
formation of almost three times as many strand breaks at the end of 
16 hours of the reaction. 
Alkylating agents alkylate double-stranded DNA at two main 
sites, namely the bases and phosphates (Sun and Singer, 1975). In 
order to determine whether EWA bases are also alkylated by methylfurf-
ural, the experiment shown in Table XVII was carried out. DNA was 
treated with furfural and methylfurfural at increasing molar ratios 
of the agents. The treated samples were incubated at 50 "C for 6 hours, 
a treatment which leads to the release of the labile alkylated bases 
(Verly et aj.., 1973), before being subjected to hydrolysis with 0,1 M 
NaOH. Only methylfurfural treated samples produced acid soluble 
material indicating the formation of alkylated bases. 
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Table- XVI 
Effect of increasing time of reaction of furfural and methylfurfural 
with DNA on strand breaks. 
Reaction Fraction of Furfural treated Methylfurufural 
time duplex DNA samples treated samples 
(hours) in control 
samples Fraction Number of Fraction Number of 
of duplex breaks per of duplex breaks per 
DNA unit DNA DNA DNA 
1 0.81 0.51 1.92 0.76 0.28 
2 0.81 0.32 4.41 0.47 2.63 
4 0.81 0.13 8.68 0.41 3.26 
8 0.81 0.09 10.38 0.32 4.41 
16 0.81 0.04 14.15 0.29 4.85 
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Table-XVII 
Alkaline hydrolysis of furfural and inethylfurfural treated and 
depurinated DNA 
Furfural and inethylfurfural treatment and depurination of DNA were 
carried out as described in 'Methods'. Alkali labile acid soluble 
nucleotides with 0.1 M NaOH at room temperature for 30 minutes were 
determined by diphenylamine reaction after precipitating with ice 
cold perchloric acid in the presence of 2 mg of bovine serum albumin. 
DNA bp/agent 
molar ratio 
Control(DNA 
alone) 
1:4 
1:9 
1:18 
1:27 
1:36 
Furfural 
u mole acid 
soluble DNA 
nucleotide 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
% DNA 
hydro-
lysed 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
Methylfurfural 
u mole acid 
soluble DNA 
nucleotide 
0.00 
0.025 
0.037 
0.073 
0.105 
0.144 
% DNA 
hydro-
lysed 
0.00 
2.20 
4.40 
8.80 
15.60 
22.00 
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Further support for the idea that furfural and methylfurfural 
act on UiA by different mechanisms is obtained by the effect of ionic 
strength on strand break formation. In previous chapters it was shown 
that the presence of NaCl suppreses the formation of EWA strand 
breaks by both furfural and methylfurfural. However, this inhibition 
is differential in character as the suppression of strand break 
does not occur to the same extent. As we can be seen in Fig. 28, at 
a concentration of 0.2 M NaCl, a 60 % reduction in strand breaks 
formation occurs in the case of furfural as compared with only 25 % 
in the case of methylfurfural. These above results suggest a 
differential mode of action of these two mutagenic agents on DNA. 
That the EWA bases are alkylated by methylfurfural is further 
substantiated by the experiment given in Fig 29. DNA was treated 
with furfural and methylfurfural in the presence of 0.15 M NaCl. As 
shown earlier by restriction analysis, presence of salt at this 
concentration prevents the reaction of both furfural and methylfurfur-
al with A-T sequences in duplex WA. Consequently such EWA can be 
cleaved by EcoRI and other restriction enzymes whose hexanucleotide 
recognition sequences contain exclusively A-T base pairs . The treated 
WA was subjected to the depurination procedure and electroj^oresed 
on alkaline and neutral gels. It is seen that in the case of 
methylfurfural only depurination leads to degradation of DNA in the 
alkaline gel. These results indirectly indicate that alkylated bases 
are formed on methylfurfural treatment which after depurination and 
Fig.28. Inhibition of strand breaks by NaCl in furf-
ural and methylfurfural treated WA. 
BND-cellulose purified DNA was treated 
with furfural and methylfurfural at a DNA 
bp/molar ratio of 1:4 for 2 and 16 hours 
respectively, in the presence of NaCl as 
indicated in the Figure. 
DNA treated with furfural (O) 
DNA treated with methylfurfural (O) 
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NaCI ( M ) 
Fig.29. Electrophoresis on alkaline(A) and neutral 
(B) gels of furfural and methylfurfural 
treated A pAiage EWA. 
3 ug phage DNA in 20 ill TE was incubated 
with 1.6 mM furfural and methylfurfural 
(Lanes 2 and 4 in both gels respectively) in 
the presence of 0.15 M NaCl for 2 hours, 
unreacted agents were removed by dialysis on 
millipore filter paper. The samples were de-
purinated at 50 'C for 6 hours. The other 
conditions were the same? as described in 
'Methods'. Lanes 1 and 3 in both (A) and (B) 
represent phage DMA alone. 
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B 
1 2 3 i, 1 2 3 A 
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subsequent alkali treatment lead to phosphodiesters bond breakage. 
It is further suggested that the action of methylfurfural on 
WA involves two separate reactions; one through the action of 
aldehyde group and the other involving the action of methylation of 
' bases. In addition , it is reasonable to assume that reaction of 
A-T sequences with methylfurfural primarily occurs with its 
aldehyde group. 
DISCUSSION 
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Furans are a class of genotoxic compounds that are present in a 
great variety of processed food products and beverages. They 
contribute to the flavour of various foods and presumably arise 
through Maillard reaction of sugars (Stich et al.,1981b; Jagerstad, 
et al., 1986), which involves thermal degradation of carbohydrates 
such as ascorbate. Although the concentration of furans may not be 
very high in food and beverages, their virtually ubiquitous 
distribution in heated and processed food products makes them an 
important class of environmental mutagens. As noted earlier in the 
Introduction, various furans cause chromatid breaks and chromatid 
exchanges in mammalian cells without metabolic activation. Ihis 
suggests that these compounds directly interact with cellular DNA. In 
the present work, the interaction of two furans, namely furfural and 
methylfurfural, with EWA has been studied. In addition to being 
present in food, furfural is known to be also present in cigarette 
smoke in a relatively large quantity (Victor, 1972). 
Ihe results presented in this thesis demonstrate that both 
furfural and methylfufural cause a destabilization/disruption in the 
secondary structure of EWA, as a consequence of the formation of SSB. 
Formation of SSB was demonstrated by alkaline unwinding of treated 
samples. The S nuclease results also indicate that the SSBs are indu-
ced by furfural and methylfurfural alone and are not induced on subse-
quent alkaline exposure during alkaline unwinding.This is evidenced by 
an increased susceptibility to S, nuclease and a decrease in melting 
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temperature of treated DNA. Experiments on alkaline hydrolysis of 
furfural treated samples indicate that depurination of DNA or reaction 
with DNA phosphates do not occur. However, in the case of 
methylfurfural there is the possibility of formation of 
alkyIphoi^otriesters as alkaline hydrolysis with 0.5M of 
methylfurfural treated samples was observed. In addition, 
methylfurfural apparently also causes the alkylation of EWA bases 
(presumably through methylation) as the treated samples could be 
depurinated at 50 C and could be subsequently hydrolysed by O.IM 
alkali. These observations would suggest that the mechanism of SSB 
formation with furfural and methylfurfural may be through different 
routes. Various mono- and di aldehydes are generally considered to 
react with -NH groups of macromolecuies. Among these, several studies 
on the genotoxicity of formaldehyde have been reported. It has been 
shown to cause WA strand breaks in E. coli and yeast (Ross and 
Shipley, 1980). Formation of cross-links between DNA and proteins and 
inhibition of the resealing of SSB produced by ionizing radiations 
have also been reported (Grafstorm et al, 1983). Amino groups in 
native EWA involved in hydrogen bonding do not react with formaldehyde 
implying that no iu vitro reaction with double-stranded WiA occurs 
(Haselkom and Doty, 1961). Also, the reaction with denatured DNA 
appears to be reversible (Grossman £t al., 1961). Ames and co-workers 
(Levin et al., 1982) have recently reported that various mono- and 
di aldehydes cause mutations in A-T base pairs in a Salmonella 
mutagenesis tester strain with A-T base pairs at the site of mutation. 
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As described in the 'Results', we were able to show that both furfural 
and methylfurfural preferentially react with A-T rich sequences in 
native EWA. This is accounted for by the fact that A-T base pairs 
possess partially single-stranded character at a temperature 
significantly lower than Tta, thereby facilitating their reaction with 
aldehydes. This assumption is further strengthened by the results 
given in Table VII and XIV, which show that at 25 C both furfural and 
methylfurfural do not react with DNA to any significant extent. The 
experiment on the effect of NaCl on the reaction of the two furans 
with DNA (Table VI, XIII) is in support of this explanation, where 
with increasing ionic strength a lower number of strand break 
formation is observed. This would be so because the presence of NaCl 
would have a stabilizing effect on the secondary structure of EWA. 
The experiments with restriction enzymes are designed to 
establish sequence preferences of the reaction of furfural with 
double-stranded DNA. This was done by the use of several restriction 
enzymes whose hexanucleotide recognition sequences contain 
exclusively A-T or G-C bp or subsets of these. The principal 
conclusion of the experiment is that in double-stranded EWA both 
furfural and methylfurfural primarily react with A-T sequences. 
Presumably this reaction eventually leads to the formation of strand 
breaks at these sites. Possibly, three to four consecutive A-T bp are 
required for this reaction. As discussed in the 'Results', this react-
ion is presumably due to the low melting nature of exclusively A-T 
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sequences as the presence of higher ionic strength has an inhibitory 
effect. Aldehydes react with amino groups to form a Shiff's base. 
However, they do not react with amino groups involved in hydrogen 
bonds in DNA. As stretches of A-T base pairs are known to possess 
partial single-stranded character (Von Hippel and Felsenfeld, 1964), 
this reaction is apparently possible. This would also imply that the 
reaction of furfural and methylfurfural with DNA is not exclusive to 
the A-T bp and G-C sequences may also react when present in 
single-stranded form.The actual mechanism of EWA degradation however, 
remains unknown. In addition, indirect evidence has been presented to 
suggest that methylfurfural is able to alkylate DNA phosphates as well 
as the bases. It would be interesting to determine whether the 
alkylation reaction also possesses some base specificity. 
SUMMARY 
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It is generally accepted that a high proportion of human cancers 
are attributable to environmental agents, mainly environmental 
chemicals. In the last two decades there has been much emp^ iasis on the 
causative agents of human cancers. There is growing recognition 
however, that these may account for only a small fraction of human 
cancers. Ihe human diet contains a variety of naturally occuring 
mutagens and carcinogens. It has become increasingly clear from 
epidemiological and laboratory data that diet is an important factor 
in the etiology of certain human cancers. The predominance of certain 
foods in some countries has been related to the incidence of certain 
types of cancers in their populations. 
Furans are a class of genotoxic compounds that are present in a 
great variety of processed food products and beverages. They contri-
bute to the flavour of various foods and presumably arise through 
Maillard reaction of sugars which involves thermal degradation of 
carbohydrates such as ascorbate. Although the concentration of furans 
may not be very high in food and beverages, their virtually ubiquitous 
distribution in heated and processed food products makes them an 
important class of environmental mutagens. Various furans cause 
chromatid breaks and chromatid exchanges in mammalian cells without 
metabolic activation. This suggests that these compounds may directly 
interact with cellular WA. In the present work the interaction of 
two furans, namely furfural and raethylfurfural, with DNA has been 
studied. In addition to being present in food, furfural is known to be 
also present in cigarette smoke in a relatively large quantity. 
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Native calf thymus EWA was treated with increasing molar ratios 
of furfural and subjected to hydrolysis by single-strand specific S 
nuclease. The production of acid soluble material increased with 
increasing furfural concentration suggesting a destabilization of the 
secondary structure of DNA. Furfural treated TMA was also subjected 
to hydrolysis with 0.1 M and 0.5 M alkali. No significant hydrolysis 
was observed indicating that apurinic and aprymidinic sites or 
phosphotriesters are not formed. Using S nuclease, thermal melting 
profiles of furfural treated DNA were also determined. A progressive 
decrease in the melting temperature with increasing furfural 
concentration was observed. An in vitro alkaline unwinding assay was 
developed to determine the number of single-strand breaks (SSB) formed 
on furfural treatment. The number of SSBs formed per unit DNA 
increased with the increasing concentrations of furfural and the time 
and temperature of the reaction. 
It was further demonstrated that under the physiological 
conditions of temperature and ionic strength furfural primarily reacts 
with A-T base pairs in double stranded DNA. These experiments were 
carried by using EWA depleted in A-T rich regions and by protection 
from cleavage of restriction sites in phage DNA. A-T rich region 
depleted WA was prepared by the action DNA of pea seed single-strand 
specific nuclease on normal. Such DNA showed a reduced rate of S, 
nuclease hydrolysis and a reduced formation of SSB per unit DNA. 
Restriction site cleavage protection studies were carried out by 
selecting restriction enzymes having exclusively G-C or A-T base pairs 
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in their recognition sequences. Treatment of DNA with furfural 
protected cleavage with restriction endonuclease Dral (TTT/AAA) and 
Sspl (MT/ATT) but not with Apal (GGGCC/C), BssHII (G/CGCGC) and SacII 
((XGC/GG). These results indicated that under the conditions used 
furfural reacts exclusively with A-T base pairs. A minimum of three 
to four consecutive A-T base pairs are required for this reaction. 
This was determined by the use of restriction enzymes whose 
hexanucleotide recognition sequences contain subsets of A-T base 
pairs, namely EcoRI (G/AATTC), Ncol (C/CATGG) and Mlul (A/CGCGT). 
Experiments with methylfurfural were carried out along similar 
lines as described above for furfural. Ihe results of S nuclease 
hydrolysis of normal and A-T bp depleted DNA as well as alkaline 
unwinding assays were qualitatively similar and indicated a 
preferential reaction with A-T base pairs. However,the rate of 
formation of SSB by methylfurfural was found to be considerably lower 
than that with furfural. Restriction analysis of reacted DNA was 
carried out by using restriction endonucleases EcoRI (G/AATIC), Smal 
(C/CCGGG), EcoRI-'V (N/AATTN) and Haelll (GG/CC). Under the conditions 
used an exclusive protection of cleavage of EcoRI and EcoRI" sites was 
seen demonstrating that methylfurfural primarily reacts with A-T base 
pairs . Further, the reacted WA could be cleaved completely by Pvul 
(CGAT/CG) and Bglll (A/GATCT) suggesting that a minimum of three to 
four consecutive A-T base pairs are required for reaction with 
methylfurfural. 
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Several experiments suggested that furfural and methylfurfural 
react with EXSIA by two different mechanisms; for example methylfurfural 
treated DNA could be hydrolysed with 0.5 M alkali indicating the 
formation of alkylphosphotriesters. In addition, such samples when 
subjected to hydrolysis with O.IM alkali after depurination at 50 C, 
also led to the production of acid soluble material. Ihese results 
further suggest that in addition to DNA phosphates, methylfurfural 
also causes the alkylation of EMA bases. Ihis was further 
substantiated by an experiment where DNA was treated with furfural and 
methylfurfural in the presence of 0.15 M NaCl, subjected to the 
depurination procedure and electrof^oresed on alkaline gels. In the 
case of methylfurfural only degradation of DNA was seen indicating the 
formation of alkylated bases which after depurination and subsequent 
exposure to alkali lead to phosphodiester bond breakage. 
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